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THE 


Epiſtle Dedicatory 
TO THE '.. : 


Learned and Ingenious * 
7OHN BRIDGES Eſq; 
Sollicitor of the Cuſtoms. 


Dear SIR, 


CT HEN I conſider the ancient 
Date of our Friendſhip, and 

72 reflect, as J always do with 
Pleaſure, on the many happy Hours we 
have ſpent together, and that too in Dif- 
courſes we need not now be aſham'd of: 
When I ſee ſtill in my Friend the ſame 
true Engliſb Honeſty and Integrity, the 
ſame fincere Love for Virtue and Ho- 
nour, and the ſame warm Affection 5 ih 
5 > ; ' all U 


The Epiſtle Dedicatory. 5 
all uſeful and ſubſtantial Learning, 7 
which at firſt made me juſtly Admire 
him and Devote my ſelf to him : When 
I conſider a Genius every way improv'd 
(and no way injur'd) by Travels into 
Countries, from whence too many, 
bring home nothing but Vice and Im- 
pertinence: And when I am ſo happy 
as to find by Experience, that even the 
hurry of Buſineſs it ſelf cannot make 
Mr. Bridges forget or neglect either 
Learning or his Friend: Then would 0 
gladly ſhew. that I am meither Unjuſ 
nor Ungrateful, but as doubly a ks 
both to Oy Merit and to your Friend- 


ſhip, tell the World I have a due Senſe 


of both: Permit me then, Dear Sir / 
to do it this way, and to continue, a8 
{ have long done, 

Tour Real Friend, and 


moſt Obliged Humble S 
John Harr 18. 


— 
; ; 


TO THE 


READER. 


HIS ſmall Tract of that Admirabls 

Science, Algebra, was written pri- 
"I marily for the Uſe of my Auditors at 
J1 9 5 Publick Mathematick Lecture; which 
1 "was ſet up at the Marine Coffee- Ilouſè in 
Birchin-Lane, entirely for the Publick Good, 
/ the Generous Charles Cox E.; Member 


d- of Parliament for the Burgh of Southwark. 

le 3 The Book is ſhort indeed, but I think plains 
74 wee every where, eſpecaally i in thoſe Parts 
as pubich have been leſs Treated of in our own 


2 Language, viz. The Geometrical Con- 
Firuction of Equations: Hhich I have carri- 
d as far as to Biquadraticks, and have ſhew'd 
1 ou plainly how to Conſtruct all Equations not 
F-ceeding four Dimenſions, by the belp of a 

„ Wircle interſecting the Curve of a Parabola. 
I have alſo demonſtrated. the Properties of 
be Parabola on which thoſe Conſeruttions de- 
Ys end; and have given you beſides, the Method 
7 the Inveſtigation of the Jeers, Mr. Baker's 

entral Rule. 

And 


Publiſhed, a ſhort Account of the No 


| There mentioned: And which when he hatiff 


than to Improve the Learned Proficient ; a 


5 ſubſtantial Foundation for him, his own Dili 
gence and Application will raiſe the Structun 
0 te height he pleaſes ; ; but without begin. 


_ nothing 3 is to be done. 


3g Farther, I recommend Mr. Hayes's Treatiſe of 
Fluxions, publiſhed ſince the fitſt Edition J 


To the Reader. Fl 


And becauſe T have not yet found it dme wi I N 
l any one in the En gli 


N r Tongue, ] have given 50% 


1 was not then 


2 


bo, 
N 


ture and Algorithm of Flu 
xions, and one or two Inſtances of their vill 4 
and Application: But in this I have been d 2 
fignedly as brief as poſſibly I could, intending N hem! 
by it only to ſtir up the Reader's Curioſity Me 
peruſe thoſe Excellent Treatiſes which J bai Loge 


P 


done, I know I ſhall have his Thanks for tha Sh 
little Sketch of Fluxions „ which he will il 5 Fun 
there. Wai 
In the whole I have propoſed to my ſelf ra. 
ther to Inſtruct the Young Engliſh Beginner 


knowing that if I can but help to lay f 


very 
acco 
Wners, 


right (which is too commonly negletied)l LE 


dra! 
In the Second Edition I endeavoured i + 


Cel the Faults of the Former; and added. * 


ſome few things in the Fluxions, to make that -Y 
Matter as Plain and kay we 45 I could, in 1b 
þ little a room. © ſac} 

And to thoſe who would purſue this Matte! 


the Compendium, Books 


— 
0 * N 
8 rs ja 
» wow 


4 ö | 
done o ORS Printed for D. Miduinter, 
at the Three Crowns in St. PauPs 


<nglihif 
Church-Yard. 5 


0 
+: 


ven ya 
the Na. " 


2 of Flu : Ts 
f 1 Exicon Technicum Magnum; Or, An Univer- 


** 


oy Uſe 3 ſal Engliſh Dictionary of Arts and Sciences: 

een de. WE-xplaining not only the Terms of Art, but the Arts 
tending hemſelves, Oc. In 2 Volumes in Folio. 
zoſity ti Elements of Plain and Spherical Trigonometry; 
7 bat veetber with the Principles of Spherick Geometry, 
nd the ſeveral Projections of the Sphere in Plano, 
he bare. 8b. 8 „ 
for thai Short, but yet Plain Elements of Geometry, and 
vill find Plain Trigonometry ; Shewing how, by a Brief and 
ok aſie Method, moſt of what is neceſſary and uſeiu} 
77 In Euclid, Archimedes, Apollonius, and other Excel- 
ſe f a- gent Geometricians, both Ancient and Modern, may 
Zinner, pe underſtood, Written in French by F. Ignat. 
ent; a6 aſton Pardies. The Fourth Edition : In which 
a goal re many new Propoſitions, Additions and uſeful 
1 Dili mprovements; the Problems being now placed e- 
% -1Spery where in their proper Order; and the whole 
ruchurtWaccommodated to the Capacities of young Begin.. 
begin. ners, 8 vo. 3 SA 
lected) The Deſcription and Uſes of the Czleſtial and 
Terreſtrial Globes; and of Collins's Pocket Qua- 

drant. The 4th Edition. | | SE: 


ured ti All theſe by Fobn Harris. D. D. and F. R. S. 

added A Treatiſe of Fluxions; Or, An Introduction 

e that Mathematical Philoſopty 3 Containing a full 

1d. il Explication of that Method, by which the moſt ce- 
5 


lebrated Geometers of the preſent Age have made 
ſuch vaſt Advances in Mechanical Philoſophy: A 


Matter Work very uſeful for thoſe that deſire to know how 
atzſe of to apply Mathematicks to Nature, By Charles Hayes, 
Gent, In MT SN, 
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Ruler, and a pair of Compaſſes, and without ary 
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Books Printed for D. Midwinter, 
Matheſis Juvenilis: Or a Courfe of Mathema. F 
ticks, for the Uſe of young Students: Containing 
Plain and Eaſe Treatiſes, by way of Queſtion and 
Anſwer, in the following Sciences, viz. Arithme. 
tick, Geometry, Trigonometry, Architecture Mi- 


Aſtronomy Spherical and Theorical, Chronology, 
Dialling, Cc. By Fo. Chriũ. Sturmius, Profeſſor f 
Philoſophy and Mathematicks in the Univerſity of 
Altorf, Made Engliſh by G. Faux, NI. D. in three 
Vol. 8 vo. 5 "= 
A new and moſt accurate Theory of the Moon; 
Motion; whereby all her Irregularities may be 
ſolved, and her Place truly calculated to two Mi. 
nutes. Written by that Incomparable Mathemati. = 
cian Sir Jſaac Newton, and publiſhed in Latin by 
Mr. David Gregory in his excellent Aſtronomy, 4 
De la HBire's Elements of Conick Sections, in FT 
Engliſh d vo. 1 „ F 
A Treatiſe of Opticks Direct; ſhewing by new 
Obſervations, and from new Prinziples, how Ob. 
jets are apprehended by the Viſve Senſe, with 
re ſpect to their Diſtance from the Eye, and their 
Oblique Situation: Delivering alſo Rules for Draw- % 
ing Pictures againſt a Wall, to be ſeen obliquely; 3 
and are likewiſe applicable to the Carving Statues, 
to be ſet in high Places: To which is added an 
Appendix to Perſpective. 41. 3 ; 
Mechanick Exerciſ.'s; Or, The Doftoine of FEucli. 


Handy-Works, applied to the Art of Smithing, Ind 


Brick layery, Carpentry, Joinery, and Turning, 
To which is added Mechanick Dialling ; ſhewing X 
how to draw a true Sun-Dial on any given Plane, 
kowever fituated, only with che help of a Strait 1 e 


Arithmetical Calculation. By Joſeph Moxon, late I 
Fellow of the Royal Society, and Hydrographer ta 
the late King Charles, The Fourth Edition, 8 


AG E- 
N. AY 8 N 


F. 


hema. 
ainirg 
Mm and 
ithme. 
re Mi- 
pticks, 
ology 5 4 
ſſor of 
ſity o ꝓ 
three 


Moon; 
ay be 
70 Mi. 
emati- 
tin by 
y. 


5 1 - 


NTRODUCTION. 


y new HE Name Algebra, Dr. Wallis ac- 
w Ob- quaints us, is derived from the rwo 
, with firſt Words of Al-giabr, Volmchaba- 
their la, which in the Arabick Tongue 
. Fgnifies, The Art of Reſtitution and Compariſon, 
coy or The Art of Reſolution and Equation. Ic was 
led an enqueſtionably known ro the Ancient Grecians 
for there are plain Footſteps of it in Theon upon 
ine of Euclid, in Pappus, and eſpecially in Archimedes 
thing, Ind Apollonius) but it was ſtudiouſly conceal'd by 
irning, Mem, and kept as a great Secret. It was yet of 
ewing More ancient Uſe among the Arabians, who are 
Plane, Wppoſed to have received it from the Perſians, 
Strait Ind they from the Indians. From the Ar.,bs, the 

5 oy 3 Moors and Saracens brought it into Spain : From 
3 an hence ir came into England; as did allo the Uſe 
_— fthe Numeral Figures, Mathematicks in general, 

4 nd Aſtronomy in particular, much about the 
QF. ' ſame 


Quantities; as (a) or (e) for a Root ſought Tho 
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| beginning from Unity: For every Term, but tie 


1, 2, 4, 8, 16, 32, &c, The firſt Term (2) f 


2 INTRODUCTION. | 
ſame Time, The firſt European Writer of Alge. 
bra was one Lucas de Burgo, or Lucas Pacciolus: © 
His Book was Printed at Venice in Italian, Ps b 
A. D. 1494. a good while before we knew an d 
thing of Diophantus. This Great Art, as Lucas de © 
Burgo and Cardan call it, may be defined, or ra- 
ther deſcribed, to be an Analytical Way of Demon. am 
Hration, where, aſſuming the Quantity ſought as if 
it were known and granted; by the Hely of one «8 
more Quantities really given or known, we proceed 3 
by Conſequences, till at last the Quantity firſt ſoug l, 
and only ſuppoſed to be known, is found equal to ſom 
real known Quantity, and ſo is it ſelf (of Conſe. 
quence) diſcovered, N 


2. The Quantity thus ſought is called the R, 
which being unknown cannot be really expreſs d), 
but may be deſign'd by any Symbol or Characte? 
at pleaſure. I (with moſt others) uſe Vowels fur 
unknown, and Conſonants for known, or given 


* 
* 
* 
* why 
- N 
54; 


Des Cartes and his Followers and moſt Foreign 1 
Writers uſe the laſt Letters of the Alphabet x,) OC 
and x, for unknown Quantities, and the forme 
Letters, as 4, b, c, d, &c. for known ones. 4 wy 


Iy Powers. Which Quantities arife from a Rank 
of Numbers in continual Proportion Geometrical 


firſt (or Unity) is call'd ſome Power, as in theſe, 


the 


ibs 
* 


Mm INTRODUCTION. 3 
"Ihe Root or firſt Power; the ſecond Term (4) is 
the Square or ſecond Power. The third Term (8) 
zs the Cube or third Power, &c. 

So in a Rank of Fractions deſcending from 

apy s ZUnity in the fame Proportion: as 1, , 4, J, v, 


f Alge. 
cciolus: 
Italian, 


| | 4. Hence 'tis clear, that any Number being ta- 
ene en as a Root, the ſecond Power or $quare will be 
1 Frs produc'd by Multiplying the Root by ir ſelf; the 
10 y [third Power or <7, ok Mulriplying the ſecond 
* Conſe Power by the Rot, &c. 
J. If over ſuch a Rank of Numbers in Geome- 
: ” trical Proportion continued, there be placed a 
. Series of Numbers beginning with (1) and pro- 
preſs qi ceeding orderly in an Arithmetical Progreſſion, 
aractci 48 1, 2, 3, 4, 5, 5, Sc. thoſe Numbers are pro- 
vel: for perly called Indexes or Exponents: Becauſe they 
r wel both ſhew the Order and Place of each Power; 
Tho and alſo irs Dimenſions : (i. e.) how often the 
Foreign Root is Multiplied into it (elf ro produce that 
7 52 power: For as many Units as are in the Expo- 
former nent, ſo many Powers is that Number from Unj- 
„ty (v. g.) if the Index be 5, the Power under it, 
is the fifth Power, or the Biguadrate multiplied 


by the Roor, 


my _ , Oc. the ſeveral Terms have alſo the 
Dos ame Names of Powers, 


1 22 
1 


end on 
by the 
t uſual 
a Rant 
etricah 
but tie 
1 theſe, 
(2) 


the 


6. The Sum ariſing from the Addition of any 
two Indexes makes another, ſhewing what Power 
would be produced by the Multiplication of the 
two Powers Anſwering: So, that by adding them, 
Multiplication is made in * umbers themſelves, 

5 2 07 


before them, which is implyed in Writing them 


4 INTRODUCTION. 


on which depends the Nature and Uſe of the Lopa: 
rithms : And ſo, on the contrary, Divifion in the } 
correſponding Numbers anſwers to the Subtracti. 
on of the Indexes one from another. A 


7. Powers from any Letter repreſenting the 
Root are produced, by repeating it fo often as the 
Index of the Powers requires; ſo from the Root 
(4), the Square is (as), the Cube (aaa). the Biqua- 
drate (aaaa), the fifth Power (aaaaa), the fixth 
(aaaaaa), the ſeventh (agadaaa), &c. or as Des Car. 
tet by the Indexes chuſes rather to expreſs it, 
a*, a*, a*, a, 4, a", Sc. which is ſhorter, and 
more convenient in many Caſes. 


8. In a Rank of Fractional Numbers deſcend 
ing from Unity (as before) the Indexes are all Ne. 
gative, and are imagined to have this Sign (—) 7 


Fraction-wiſe, thus, 1, 2, 3, 4, 5, Sc. 


9. Like Quantities in Algebra are ſuch as are 
expreſs d by the ſame Letters equally repeated in 
each Quantity; as a and a, band b, be dand be d. 
Unlike Quantities are ſuch as are either expreſs d 
by different Letters, or by the ſame Letters un- 
equally repeated, as à and h: or a and aa: and 
5b, &c. | 1 

Like Signs are, when they are all of the ſame 
Nature, as all Poſitive, or all Negative. E 

Unlike Signs are, when ſome of them are Poſs 8 
tive or Afirmgtive, and others Negative, 


© SIE 
3 
r 
6,589 Wh 
8 
* "£0 


=% INTRODUCTION. 
Lega - Simple Quantities are ſuch as conſiſt of but one 
in the Member, but Compound ones are ſuch as are com- 
traCti- | pounded of 2 or more Members connected by the. 
Signs I or —. 5 

Co. efficients are ſuch Numbers as are prefixed 
ig the pefore any Letters: as in 5 4, 7 c. The Co-effici- 
as the ſſents are 5 and 7: They are ſo called, becauſe 
Root they are ſuppoſed to help to make a Product or 
Biqua Rectangle, with the Quantity expreſs d by thoſe 
e ſicth Letters: As will be farther explained hereafter. 


es Car. All Quantities expreſs'd by Letters which have 
els it, no Number prefix d before them, are ſuppoſed to 
r, and have 1 for a Co- efficient: Becauſe every thing con- 


tains it ſelf once: Thus, b is the ſame as 1 6. 
If a Letter or Quantity have not the Negative 

ſcend- Sign — before ir, tis always ſuppoſed to have the 

all Ne. Affirmative one +, 

4 them 5 


N 
— f 
( 6 ) : : A N ; 
E Rs 
. n 
* * + pa 
b „ 1 
1 
5 F 


ADDITION . 2 


DDITION in Algebra or Species, is 
performed in general, by conjoyning if 
the Quantities propos d, preſerving 
their proper Signs. And the proper 3 

Mark or Sign of Addition is g: Which is al- 7 

ways ſuppoſed to belong to the Quantity which 

follows it. . 

1 af : : 8 the Sum 18 3 4 a 2 4, OL 5 4. * 
and A+2 b when added to Cc — k, makes A+| 5 5 
C--26-+bb. 8 1 

Addition in Algebra may eaſily be learnt „ 
obſerving the following particular Rules. 


err 


When Simple and Like Integers having Libe LL 
Signs are to be added, collect the Numbers (or 
Co-efficients (all into one Sum, and to that Sum 
annex the Letters by which any of the Quantities 
Was * and laſtly prefix the proper ns 


— 2 b | 2 bed _— 4d: del 5 
make TY b Rs Treaty make 8 40 41 E KS 
make 7bcd | = 

RULE 


ADDITION. 


2 RU LEI; 

When two Simple and like Quantities have 
equal Numbers prefix d, and unlike Signs, the 
um is ©. 


's, 1 ruus, + 3 a and — b b and —7dce 
yning EE — 34 + bb + dee 
rving 6 | ———— — 
ropet 00 OO : ole 
is al- 

vhich 


N. B. The Reaſon of which is plain, if you 
conſider that all Quantities having negative 
Signs, are in Nature directly contrary to ſuch 
às have Affirmative ones: And therefore 
will always deſtroy one another, Thus, if 
= Aa Man have to Pounds in Caſh, and run in 

t by ig Debt 10 J. that is, if to his Caſh he add a — 

* 11 (which is the proper way to expreſs a 

Debt) there will remain nothing: For the 

Debt or — 101. will deſtroy the Caſt or 


= ＋ 1ol, Soalſoif a Man owe 1o /. and 
Like BY have nothing to pay it; then hath he a — 
rs (or 151, or is 10 l. worſe than nothing. And if 


t Sum 
ntities 
19N, 


any Perſon give him 10 /. or add a + 101. 
to his — 10 J. the Sum will be nothing; bur 
X however the Man will, tho! worth nothing, 
45 Jt; be 10/, betrer than he was before. 
36d. | 
4 de So that 'tis a general Rule in Algebra, that to 
— add —. is the (ame thing as to take away , 
42 ©" WE and to rake away —, is the ſame thing as to add 
TILE A=, and to take away =- is all one as to add —. 


'RULE 


—  ————— 


© x 


ADDITION 


RULE III. 


Wi: When two Simple and like Quantities are gi 
Mi! | ven, having unlike Signs, and unequal Numbers 

prefix d; Subtract the leſſer Quantity from the 
greater, and to the Remainder annex the Let- 


rers due, prefixing the Sign that belongs to the 3 
greater Quantity, 


Thus, —+ 34 and — 8b 
＋ 26 


2 — — 


24 —6b 


The Reaſon of which is clear from what was 4 
ſaid in the N. B. of the laſt Rule. 3 


RULE IV. 


When three or more Simple and like Quantities 
have unlike Signs, collect the Affirmative Quan- 
tities into one Sum, and the Negative into ano- # 
ther, then proceed as in the third Rule; and the 
Difference between them is the Sum ſought. 


ADDITION. 
RULE V. 


5 


re gi- When two or more Simple and unlike Quanti- 
nbers ges are propoſed, write them down one after an- 
n the ther, without altering their Signs. 
Thus, +34 
+4b 


+ 34+ 4 5 
From due Apprehenſion of, and mature Conſi- 


Geration on which Rules, the Addition of Com- 
pound Quantities may be eaſily performed. Thus, 


. + 3ee+7bb 
"Be — ee — 255 
Sum, 3ee--7bb—ee —2bb +ff + 2. 


. 
255 
: Fd 
2 LS 8, 
© 74,8 
"et 2 
5 2, 
7 0 
88 


3 
» © 
2 


Contracted 2e +566 + 37. 


Addition of Indexes is performed after the ſame 
Manner as that of Algebraical Quantities. 

Thus: To 3 add 3, the Sum is 6; where both 
Ire the Indexes of Integer Numbers: But to 3 
dd 2, the Sum will be 1; to 5 add 3, the Sum 


3 


Ss. A 
5 5 0 
_ 4 
85 : 

Wo 

. o 
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10 W's 
a i, 8 TR 8 
5 „ 
7 I „ 
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* * 
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UBTRACTION in the General, is a 
king a leſſer Quantity out of a greater, 1 
order to find the Difference between them 
which Difference is in Common Arithmetick, u 
ſually call d the Remainder, as the leſſer Quantir | 
to be ſubtracted, is call'd the Subtrabend. Tie 8 
Difference is uſually noted with x or d. "M 
The general Mark or Sign of Subtraction i ins 
Mattos is , which whenever it comes between 
two Quantities, belongs to the latter of them. 
Subtraction in Algebra is perform'd by conjoin her. 
ing the Magnitudes propoſed together, but 9 4 afil 
ways changing the Signs of the Subtrahend, 2? 3 Nule 


1 8 

Thus: If from 4 4 you would ſubtract 2; 2 75 
changing the Sign of the Subtrahend, it will franc 0 
thus: 51. 


5 1 | 
| 3 5 


7 
44 — 4 2 32; or thus, 44 3 han 
CREED 5K 3 
X= 34 8 


So alſo, If from 6b 5456 h + 4% youl 
were to ſubtract 6 b — 54 h h 47g; they 
would remain only 8f 23 for from 6 2 — 34 = oF 

—4ly 


Deer 

47, taking the ſame Quantities by changing 
f their Signs, or adding them to it with their 

—— Pigns already chang'd, and comparing and con. 


—̃ͤ(Facting them as taught in Addition, there will 


main nothing bur 8 f g. 

Por to ſubtract , is the ſame as to add —, 
JT, Ind to ſubtract —, is all one as to add . 
| | The Reaſon of which will be plain from the 
. KTftance given in the N. B. of Addition, and now 
I, 1s ta g pplied ro Subtraction. Suppoſe a Man have but 
ater, u /. in Caſh : Tis plain, that if from him you 


85 rap Ake 101, he can have nothing left, which is Com- 
ck, [mon Subtraction, Or if you make him run into 


uuanti)WDebr 10 l. that is, add to his real Caſh a — 100. 


4. Thi he will ſtill be worth nothing in Reality. But if 


. iny one will pay that 10 J. for him, or which is 
tion u all one, take away the Debt of 10 J. or ſubtract 


re the — 10 J. he doth as much Service as if he ad- 
them. 


be Subtrahend; and then comparing the ſeveral 

43 bY Members together and contracting them. 

ill ſtand One Inſtance is enough: Suppoſe from 36 d + 
5 2n— 72 b b, you were to take 30 d +5 nn 

- 720 b, write them down one under another, 

Fhanging all the Signs of the lower Rank. Thus, 


. E 5 
"RES: 3 
2 260 * 
2 

3 - 

Th 


F 
8 


rn, 
3 

7 817 8 1 

5 8 


36d ＋5 un 72 bb 
— 30 4 — 5 un- 72 


* 8 


. 
— 


. * * 0. 
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And then comparing them together, you wil! 
findfall deſtroy'd, or to vaniſh by the Contrariety 
of the Signs, but 6 4, which therefore is the true 
Difference between thoſe Quantities. 


Subtraction of Indices is done as in Algebraick 
Quantities, by changing the Signs of the Subtra- [ 
hend. Thus, If from 3, the Index of the Loga- 8 
rithm of an Integer Number, you take 5, the In. 


dex of the Logarithm of a Fraction, the Diffe.. 


1 


rence will be 5; if from 3 you take 2, the Re. 
mainder will be 1; and from 3 taking 2, the ag; 
Difference will be z. Þ 


Bk 


( 13 ) 
du will 
rariety # 
he true 1 


braick 56a 
Subtra- 
the In. 

Difie. 
he Re- 8 | 
＋ the 


ULTIPLICATION:. 


OR Multiplication in Algebra, the General 
Rule is, to conjoyn the Quantities propos'd 
by the Sign of Multiplication (x.) Which 
Sion, when the Quantities to be multiplied are 
expreſs'd by but one or two Letters, is uſually o- 
mitted, and the Quantities written down like 
Letters in a Word, as you will find below. 

= The General Rule about this Sign is, chat /zke 
Signs always give --, and unlike Signs, — in the 


7 Ty 
1 & 
9 EY + 
RN 

3 

2 
1 : 
eos 

N 


7 


85 


Product. That is, if the Sięns are either both 
Poſitive, or both Negative, the Product will al- 
ways be Poſitive; but if one Factor be Poſitive 
and the other Negative, the Product is always 
Negative: The Reaſon of which follows be- 
—Jow. 
In Algebraick Multiplication, tis moſt commcs 
dious to begin to multiply at the left Hand, be- 
cauſe we write that way. 


IV 4 
x 


Particular Rules, 


E I. If Two or more ſingle Quantities expreſs'd 
. FR 0 . 
by Letters, whether Like or Unlike, are to be 


pers or Co- efficients prefix d, joyn them together 
114 like Letters in a Word. ; MP 
| Thus, 


EO ——— HS Lero——_— Are — - 
* - A 


- ® ND. —U— 
4 x 


multiplied into one another, and have no Num- 


L 
| 
4 7 
: * 
1 
' 
376 
| — 
* 
if 
: p 
7 
"of 3 
. 
: 
== 
£ &, 
8 
1 
Vi 
2* 
TY 
if 
1. 
N 
13 
11 \ 
| 1 
1 
* 
144 
I me 
1 
1 7 
l 
ES 
$4 
4 
4 
| 
| 
+ 
L ol 
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Thus, « multiplied by b, makes Py, - and 
2 and mn 0 


Productabde Produtmnopgr W 


II. If two or more fimple Quantities, whether 
Like or Unlike, are to be multiplied, and have 
Numbers or Co-efficients before them; firſt mul. 
tiply the Co- efficients one into another, and then 
to the Product annex the Letters of both Quanti. 
2 ſo ſhall the new Quantity be the true Pro 

uct. - 


Thus, If 3 a were to be multiplied by 4 6, be 
| Product will be 1 2 4 b, 3 


36 m n 15 abe 
by 46 e 


Product 144 mn b Product 135 a a bec / 1 


III. The Multiplication of Compound Quan- 
tities depends entirely on the preceding Rules 
only you muſt be ſure to multiply every Member 

of one Factor into every one of the other, and 
9 the Rule above given about the Signs, 
4 hus, = 


Prod. g a+gd—ge—be—td+bc+f AN de. 


7 : 15 IV. When 24 


. 


MULTIPLICATION. rg 


WF 5. 
4 5 
"IP 


id {1 *y IV. When one and the ſame Quantity is mul. 
| plied by its ſelf, the Product is call'd the Square 
chat Quantity; and if that Square be multi- 
Nied again by the Root, the Product is called the 


Fube, Sc. And this way of producing the Pow- 


17 


gs of Numbers or Quantity, is call'd by Dr. Pell, 


vhether 8 d ſome others, Involution. 


45 
7 9 


it nl. © Thus, a x by a = a4 the Square, and 4 a x 
nd then 2 4 4 4 the Cube or third Power, and a a 8 
Want. XZ 4 44 4 4, or a* the Biquadrar, &c, 

ae Pro. Tis the fame thing in Compounds, 


2 
* 
by, 


„ the TER 


b, and if that Square be multiplied again 


h by a b, it produces aaa 3aab+3bba 
— , which is the Cube of 4 -+ 6, 

c/ i N. B, That in Algebraick Multiplication, like 
Quan: Signs muſt give a Poſitive Product, and un- 
ies like Signs a Negative one, may be thus De- 
ber monſtrated. ; 
ow | I. Since Multiplication is only adding one Fa. 


Ctor (or the Multiplicand) to its ſelf as often as 

here are Units in the other, or in the Multipli. 
rator: Therefore + multiplying +, muſt pro- 
uce z ſince the Sum arifing from the Addition 
f Politive Quantities, muſt be Poſitive. 


roduct a a + 24b + = the Square of 


— 


4 
"i. 
: * F 
r — » —_— we Wl 
r - - 
— 2 8 n r 


2 
rr 


01 
% - 
Fe 
! [1 
& 
4 
i p 
4 , 
6 2 
1 
4 ＋ 
” 10 
} * 
"01 
i 4 
* NY 
.. 4 - 
"i 
4 
Ko 
== 
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4 
beg . 1 
N. 
ooh { 2 
«ah 
2 1 
4. 
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Thus, 4 multiplied by b, makes a b; and 
ab | and mn o 
product abds Product mn op q oY J | 


ws « 2 
x 8 . 
A 


II. If two or more ſimple Quantities, whether 
Like or Unlike, are to be multiplied, and have 
Numbers or Co-efficients before them; firſt mul. 
tiply the Co- efficients one into another, and then 
to the Product annex the Letters of both Quanti. 
ur! ſo ſhall the new Quantity be the true Pro- 

uct. | 


Thus, If 3 a were to be multiplied by 4 b, the 
Product will be 12 a b, 5. 


36 mn 15 abe 
by 46 . 


Product 144 mn b Product 135 2d be 


III. The Multiplication of Compound Quan- 
tities depends entirely on the preceding Rules; 
only you muſt be ſure to multiply every Member 
of one Factor into every one of the other, and 
obſerve the Rule above given about the Signs, 


Thus, 


a ＋ d- 
by g — b +f | 


Prod. g aFgd—ge—be—bd+be+fa+fd—ft \ 


TV. Whe 
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bh I iv. When one and the ſame Quantity is mul. 


and plied by its ſelf, the Product is call'd the Square 

1 * that Quantity ; ; and if that Square be multi- 

Niied again by the Root, the Product is called the 

. "x7 oh Sc. And this way of producing the Pow- 

1 rs of Numbers or Quantity, is call'd by Dr. Pell, 
heck 4 d ſome others, Involution. 

Sons Thus, a x by a = 4 the Square, and 4 4 K 


3 ya 4 a a the Cube or third Power, and a a 4 
1d then 6 4 d 
„ = aaa 4, or a4 the Biquadrat, Ge. 


uanti. 0 
l F *'Tis the ſame thing in Compounds, 


1e Pro- 


220x554 « 2 

C 5 Ya 2a 

7 r 
. 


product aa + 24b + bb = the Square of 
2 I, =, and if that Square be multiplied again 
by 2 +, it produces 4 4 4-- 3 4 ab+3bba 
b, 'which is the Cube of a ＋b. 


'B | N. B. That in Algebraick Multiplication, like 
Signs muſt give a Poſitive Product, and un- 
like Signs a Negative one, may be thus De- 


les ; 
dn monſtrared, 


ember = 
, and 


Sign, I. Since Multiplication i is only adding one Fa. 


Ftor (or the Multiplicand) to its {elf as often as 
there are Units in the other, or in the Multipli. 
Cator : Therefore + mulriplying +, muſt pro- 
uce E; ſince the Sum ariſing from the Addition 

5 f Poliive Qlantities, muſt be Poſitive. 


II. A 


. * 


1 4 ” n « * , ef ; ; E 5 

16 MULTIPLICATION, i 
. "LY 
"73 $ & 


II. A Quantity with an Affirmative Sign, mul.” IV 
tiplying one that hath a Negative one, muſt pro. Hod 
duce a Negative Product; for tis only adding the Nuſe 
Negative Factor to it ſelf, as often as there are 
Units in the other. Now never ſo many Nega. ut 
tives added together, will ſtill be Negative; and 
ſo the Product muſt have a Negative Sign, Mil 


by +2 $ ives — zi the Product, becauſe bd 


tis only raking — 6, as often as 
there are Units in 2, . e. twice 
therefore the Prod. muſt be — 12.8 


N 


1 
——— 


—12 


III. Negative Quantities multiplying Poſitive 
ones, muſt produce a Negative Product; be. 
cauſe, in this Caſe the Multiplicator, having 2 
Negative Sign, works on the Multi plicand by ni 
Subtraction; which therefore muſt be ſubtra- bh 
cted or made Negative (by changing its Sign) as 
often as there are Negative Units in the Multi. 

lier. Thus, If +6 be multiplied by — 2, te 
roduct here alſo muſt be — 12; becauſe tbe 
Multiplicator 2 having a Negative Sign, ſhews' 3 
that rhe Multiplicand muſt be ſubtracted twice 
from Reality, or twice repeated with a Negative 


Sign; wherefore the Product muſt be Negative, Y 


+ 6 
—2 


— — ͤ—ü—3—ꝛ—— 


Product — 12 


V. 


MULTIPLICATION. 17 


n, mul. IV. Negatives multiplying Negatives muſt 
iſt pro. goduce an Affirmative or Poſitive Product; be- 
ling the Muſe Multiplication by a Negative Quantity be- 
ere are I only a Subtraction, or changing the Sign of 
Nega. e Multiplicand as often as there are Units in 
e; and e Multiplicator; and ſince Subtracting —, is 
1, e fame as Adding , (as was ſhewed in Sub- 
cction) the Defect of the Multiplicand is by 
Is means taken away, and conſequently the 
becauſe Moduct will be Affirmative, 5 


often as 2 


twice Thus, If — 6 be multiplied by — 2, the Pro- ' 
& — 12. uct will be + 12 ; becauſe the Multiplicator 2 iq 
having here a Negative Sign, acts on the Multi- 
Poſitive Zplicand by Subrraction, ſubrracting irs defective 
t ; be. Fign, or changing it into an Affirmative one, (for 
aving 288 ſubtract —, is to add A) as often as there are 
cand by Vnits in its ſelf, Wherefore the Product muſt 
ſubtra· ave a Poſitive Sign, Q. E. D. 

Sign) as 

Multi. 55 
— 2, the 
auſe the 
ſhe ws 
d twice 
Jegativfe 
ſegative, 
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II. A Quantity with an Affirmative Sign, mul- 


IV. 
tiplying one that hath a Negative one, muſt pro- produce 


a 2 


duce a Negative Product; for tis only adding rhe cauſe 


Negative Factor to it ſelf, as often as there are ing on 
Units in the other. Now never ſo many Nega- the M 
tives added together, will ſtill be Negative; and the M1 
ſo the Product muſt have a Negative Sign. the ſan 


: tractio 
Thus, —6 this m. 


b gives — 12 in the Product, becauſe 

y + o 82 , —— rodud 
tis only raking — 6, as often as 5 7 

there are Units in 2, 1. e. twice; Tuu 

therefore the Prod. muſt be — 1 2, uc w. 


3A —— 


212 


III. Negative Quantities multiplying Poſitive 
ones, muſt produce a Negative Product; be- Pign, o 
cauſe, in this Caſe the Multiplicator, having a Jo ſubti 
Negative Sign, works on the Multiplicand by nits i 
Subtraction; which therefore muſt be ſubtra- have a 
&ed or made Negative (by changing its Sign) as 
often as there are Negative Units in the Multi- 

lier. Thus, If +6 be multiplied by — 2, the 

roduct here alſo muſt be — 12; becauſe tgñge 
Multiplicator 2 having a Negative Sign, ſhews 7 
that the Multiplicand muſt be ſubtracted twice 

from Reality, or twice repeated with a Negative 
Sign; wherefore the Product muſt be Negative. 


+ 6 
—2 


———— — 


product — 12 


1 
a 
255 TE 
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4 ' "a ö 
1 2419 
„ N 43 8 
V. Nega? 2 
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1. 1 IV. Negatives multiplying Negatives muſt 
0- 3 produce an Affirmative or Poſitive Product; be- 
be cauſe Multiplication by a Negative Quantity be- 
re ing only a Subtraction, or changing the Sign of 
the Multiplicand as often as there are Units in 
the Multiplicator; and fince Subtracting —, is 
the ſame as Adding -+ , (as was ſhewed in Sub- 
traction) rhe Defect of the Multiplicand is by 

this means taken away, and conſequently the 


Product will be Affirmative. 


5 Thus, If — 6 be multiplied by — 2, the Pro- 
ET uct will be + 12 ; becauſe the Multiplicator 2 

7 aving here a Negative Sign, acts on the Multi- 
ive ¶ plicand by Subtraction, ſubtracting irs defective 
be- 1 8 Pier, or changing it into an Affirmative one, (for 
g a® to ſubtract , is to add ) as often as there are 
by Units in its ſelf, Wherefore the Product muſt 
tra- E ave a Poſitive Sign. Q. E. D. 


} 


DIVISION. he R 


A 
Won —| 
VISION in Algebra in the Gerard, i i 2 i 4 

reducing the Pividend and Diviſor to ine b. 

the Form of a Fraction, which Fraction ue at a 
is the Quotient. Thus, if 2 U were to be Divided 2 


by cd: It is in Algebra placed cus; an and thi : 


Nuanti 


non M 
Fraction is the Quotient. | A 
Some expreſs Diviſion thus cd) aborab- 3 
the ordinary &4 oy 


Ine ſam 


1 tent, 
For duly performing the ork 4 Ae I. 
Diviſion, obſerve theſe Rules. 1 ave ar 
I. When the Dividend is equal to, or the ſame he Qua 
with the Diviſor, the Quotient is 1. (not ©.) Fol L 
every thing is it ſelf once. Therefore when eve 
this happens, as it will often do in Equations, re. 
member always to place 1. in the Quotient. 


Diviſion. 


2 ren 


II. When the Quotient! is expreſs d Fraction 


wiſe, (as in Simple Diviſion) if the ſame Letteſ 7 75 

are found equally repeated both above and below if like 
the Line of Separation, you may caſt off thok 

equal Letters, and the Remainder wilt be tu IV. II 
true Quotient. Thus, WUlanrirtic 


arithmer] 


ah 


he Reaſon of which is plain, becauſe the Fracti- 
n — being Multiplied both above and below the 


ine 1 b (in the firſt Inſtance) hath not irs Va- 
ue at all alter d thereby, and therefore when the 


„ s A b 

Nuantity = % comes to be Divided by the com- 

mon Multiplier b, which is done by caſting off b, 

Ihe ſame Value will remain, and 7 the Quo- 

tient. 

ol 3 III. When the Quantities expreſs'd by Letters 
Have any Co-efficients, divide them as in Com- 


non Arithmerick, and to the Quotients annex 
ſame the Quantities expreſs 'd by the Lerrers, Thus, 


| YC! 360 ab _ 
S, Te 24 3 


ion Daly remember that if the Quantities have unlike 
= Signs, the Quotient muſt have a Negative Sign, 


errcii 
= 7 like Signs a Pai tive one. 


elo 
rho 
rh 
2 d 


IV. The General way of Diviſion of Compound 
Qtanriries is like the ordinary way in Common 
cithmerick ; reſpect being had to the Rules of 
2 Alge- 
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Algebraic Addition, Subtraction and Multiplicati. "3 
on: Obſerving always this, Thar like Signs give 1d 
+, and unlike — in the Quotient, as was faid 3% e 
before. e 2 

You muſt always take care to divide every 
Member, or part of the Dividend, by its proper 


8 
75 
X 

5 


Di viſor: (i. e. by ſuch an one whole Letters ſhew 
it to be of the {ſame kind with the other): For 
you muſt always place ſuch a Letter in the Quoti - 
ent, as will, when Multiplied into the Diviſor, * 

roduce the Dividend, (or at leaft a good part of 
it) fince the Dividend is a Rectangle under the 
Diviſor and Quotient. Thus, 2 


£ 


230 
Lars”. 
73-388 

4 

* Ws 
I 

- 122. 
ot 3 
9 
3 

* 


a+b) aa+ab—ca—cb(a—s | 5 
e i 

O —ca—cb 

—c4a—cb 

— — 


— 


duct n 
accord 
can pr 
Divide 
the Q 
Poſitiv 
tiplica 


Negat 


Another Example. 


16) 3. — 87% —1243z7—64 K-. 833 +48 
2 — 162 ; | 6 


—— 8 
IF 

—_—, 

5 


83*—12433 
87.— 1284 
4 —64 
433} — 64 


To. 
0 


* 


divide 
with i 
one ha 
Negati 


D1IF'15S-10-N 21 
Another Example. 
n 2d e- Adee eeee( 20 N ade cc) 


94“ Zadee 
— =] 
12d e , 3ddee - Adee | 
124'e Adee 
4% 
zddee — e. 


N. B. That the ſame Reaſon fo like Signs 
giving a Poſitive Quotient, and unlike a Ne- 
gative one, holds here as well as for the Pro- 
duct in Multiplication, is clear, from conſi · 
dering the Nature of Diviſion. 


For every Dividend being nothing but a Pro- 


I duct made by multiplying the Quotient by the 


Diviſor; the Sign of each Factor muſt be ſuch, as 
according to the former Rules in Multiplication, 


can produce the Dividend, Wherefore if the 


Dividend be Poſitive, and divided by a Negative, 
the Quotient muſt be Negative : Since if ir be 


Poſitive, it cannot produce the Dividend by Mul- 


tiplication i into the Diviſor. If the Dividend be 
Negative, either the Diviſor or Quotient muſt 
have a Negative Sign; but they cannot be both 


Negative. For then they would produce a Poſi- 
tive Dividend. 


Wherefore tis plain, chat if che Dividend be 


divided by a Quantity, which hath a Jie Sign 


with it, the Quotient muſt be Poti ve; but if by 
one having an unlike Sign, the Quotient will be 
Negative. = at 

6 OE 


* 


„ 


= . 


cauſe Cc 
= other 1 
of goo 
The 
PFractic 

ſame N 


5 


O F 


FRA ACTIONS. 


Fraction is a broken Number or Quantiry, 3 
5 
expreſſing the Parts of ſome Integer. it 
conſiſts of two Parts with a Line of Sepa- 1 
ration placed between them: Of which, that a- b 
bove the Line is call'd the Numerator, becauſe it 64 ö 
Enumerates, or tells you how many of the Parts 
of the Integer the Fraction contains: And that downt 
below the Line is call'd the Denominator ; becauſe 
£ Denominates, or Expreſſes the Nature of the greatel 
arts the Integer i is ſuppoſed to be divided into, = 24 
Thus, 2 do . 
Fr . 11 3 
Syppole 4=3 and b=4, then will 75 0 
a Fraction, expreſſing, that ſome Integer bile 'Y 
divided into 4 Parts or Quarters, there is taken 3 - 
of them, Or 3 Quarters. = 
A Fraction i is either Proper, when the Nume- And 
= Jon, by 
rator 18 leis than the Denominator ; as 3. Or nato 
5 ; 3 of het 
Inproper, when the Numerator is equal to it, or 


loweſt 
2 Nume! 


4 * 2 

r U 2 
— — : E ws 0 
3 

9 


5 = 
* 4 e eee, 


— 
. 


cauſe 


X cauſe one expreſſes the whole Integer, and the 
other more than the Integer; however 'ris often 
ol good uſe ro expreſs Quantities after this way. 

The Operations abour Algebraic Fractions, or 
Fractions expreſsd by Letters, are much of the 
XZ came Nature with thoſe in Common Arithmetick. 


Numerator and Denominator, by their grearef 
common Diviſor; that is, the greateſt Quantity 
which can divide both. For then the Quotient 
vill be a Fraction of the ſame Value as the for- 
mer, but in the ſmalleſt Terms that can be. Thus, 


. 2 [ 8 V 
nat down to 71 or es and — being divided by its 
2 a 


i ; greateſt Common Diviſor 2 44, will be reduced 


tO, 1 2 4 4 


4 0 367 "of 


4 46K + 1643 \ b4-44d 


End 
+. 


Oc FFminctor, ſuch Letters as are multiplied into both 
of chem, as in theſe Examples, 


26.294 
9 


Buy 


—— — —— — i 
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But ſuch greateſt Common Diviſor may be 
found in all Caſes, where the Eye cannor readily 
diſcover it, by dividing the Denominator by the 
Numerator, and the laſt Diviſor by the Remain- he De: 
der, if any be; and fo on, until there come to For for 
remain nothing: And then that laſt Diviſor is the We Der 
greateſt Common Meaſure. But if Unity, or 1 hon D 
remain at laſt, then the Fraction was in its low.. 4 
eſt Terms at firſt, and cannot be reduced to any Ler - 
ſmaller Terms. This Practice is the ſame as in 
Vulgar Fractions; and you have an Example of ; Ru! 
it in Species in Ward's Algebra, Chap, x. ru 

| | 1 

II. To reduce any Integer, as b or a Te to 8 
the Form of an improper Fraction, draw the Line n is mi 
of Separation, and under it write 1, then it will F or Le 

5 
ſtand or = which, tho' in the Form of ads 


gs 
"FIG 


2 
3 
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Ine Nu 


4 
* 
en 
=_ 
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* 
* 
25 


ry 
/ * 
1 


5 


=Sf the ſ 


Fractio 


Fractions, are not altered, becauſe 1 neither mul. 

tiplies nor divides. | = 

If a Denominator, as d were given: Firſt mul. 

tiply the given Integer by ſuch Denominator, and 

then write the Denominator under the Product, 
T hus, | 2 

For en 

d b da de *Wying it 

7b and ——— e. and 

| *Penomit 

HI. To reduce Fractions of different Denomi- It foll 

nators, to others of the ſame Value, that ſhall have JWuch by 

a Common Denominator; (which Operation mui loses b) 

always precede Addition and Subtraftion in Fratti- d Vice 

oni.) You muſt firſt bring the Fractions down as Ne lame 

low as you can; (by Rule 1.) then multiply 7 : 

the 
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448 
83 


Ine Numerator of the firſt, into the Denominator 
Sf the ſecond, for a new Numerator for the firſt 
Fraction; then the Numerator of the ſecond into 

he Denominator of the firſt, for a new Numera- 
tor for the ſecond Fraction ; and laſtly, multiply 
he Denominators one into another, for a Com- 
mon Denominator. Thus, 


3 a+b ,bb : | 
Let 1 and F be given; and they will by 
fa+fb and dh h 
3 W 
Practions in Value equal to the former. 
The Reaſon of which is plain, for each Fracti- 
In is multiplied and divided by the ſame Quanti- 
or Letter, and therefore muſt retain rhe ſame 
4 alue as before, tho' reduc'd to another Form: 


is Rule be reduc'd to 


uct. — -: 24 


For every Fraction being multiplied by multi- 

Ning its Numerator, bur divided by dividing 

and being alſo multiplied by dividing the 

Penominator, and divided by multiplying it: 
mi- It follows, That each Fraction will gain as 
Puch by the Multiplication of its Numerator, as 
loſes by the Multiplication of irs Denominator: 
Ind Vice verſa, in caſe of Diviſion by one and 
Ne lame Quantity. | 


E ==” 
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If there are more than two Fractions, even 


Numerator muſt be multiplied continually i into ay Iced te 
the Denominators but its own ; and the Denomi 
nators one into another continually for a new Del N 1 

„ 5 =. 


nominator. Ex. gr. —, 7 will be reduc 
| P'S 


274 TE DE; Henc 
to this Form - Which ate = Jenom! 


ESETIESE: 9 
ctions of the ſame Value as the former (as is abb 4 M the 
rent by ejecting the Common Letters) bur reo 
ced to a Common Denominator. 


IV. And whew this? is once underſtood, Addii 2 ip; off tl 
on and Subtraction in Fractions are performed bi 
only Adding or Subtracting the Numerators, and Also! : 
Subſcribing the Common Denominators befor 1 8 
found. Thus, [ 


« « the D 

If the Fractions —— FI were to be _ bang: 
or Subtradted; they will ſtand, when reduced j 

f a EFA VI. I 


(by Rule 3.) in this form, 77 3 


e Nun 


25 - 
# 1 


a--fb—gbb - 
r D > : The former of which, tor of 
d f Penomi 


the Sum, the latter the Difference of the two give f the L 
Fractionus. J er F 


* 
5 
9 


V. Multiplication in Frattions, is perform q bu 
mulriplying the Numerators into one another, fori 
new Numerator, and the Denominators for a nei 


Deroy 
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ever] Wcnominaror, the Fractions having been firſt re- 
to al uced to their loweſt Terms. Thus, 
n omi 


* De. BY 


a - b 3 aa—bhb 


— — 


4 d a 
1 


ducel 
Hence, If any Fraction be multiplied by the 
Penominator, or by ſome Integer, the ſame with 
appz the Numerator is the Product. As — 
Za b 
9 446 ß 44 3 
24, for — x - ; which 7 caſt- 
3 5 
4 g off the Common Letters in both Parts, leaves 


„ Ang 


a. | 

„ WER Allo if any Fraction be to be multiplied by ſome 

befor Jetter or Letters that are found in every Member 
f the Denominator; the Multiplication may be 
ppade only by ejecting ſuch Letters our of the De- 
. L 

4⁴¹ ominator: As = multiplied by d = ” 

luce 1 


4 VI. Diviſion in Prad ions, is perform'd (after 
Nieduction according to Rule 3.) by multiplying 
he Numerator of the Dividend by the Denomi- 
ch, 2Wartor of the Diviſor, for a Numerator; and the 
gar Fraions, Thus, 


oO 


4: 4 "mM 


, tori 
a nei 


Deny 


n 
3 
* oo. * 
on 4 
7 
"A 
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FOR 7, 
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denominator of the Dividend by the Numerator 
the Diviſor, for a new Denominator, As in 


| 
| 
j 
q 
ij 


9 of FRACTIONS. 1 


The Reaſon of which is plain, from han was 
ſaid above, That a Fraction is divided by mult. 1 
plying 1 its Denominator. Thus, : 

aw 


13 16 N30 - 5 
„„ Eve 


For to divide 5 by 4, is to ſeek how often 3, the into it 
Numerator of the Diviſor, i is in 2, which is done dividi 
by multiplying 16 by 3, and the Anſwer is 12 
Bur then again, becaule - 3 1s bur 4 of 3, it willy NJ Los, 


be contained in 2 4 times oftener than 3 ĩs; and es 


and ſu 


the foi 


4 
50 - 


en 


But if it happen that the Fractions have a conf 3 
mon Denominator, then caſt off thar, and divide 
one Numerator by the other. Thus, | 


5) + (= = and [AY (=# 0 | 


For Fractions having a Common Denominaus 3 
are as their Numerators. 2 


3 

pe SG TT 4 — . 7 ; 4 % 8 A . Wy 

3 EN rot et ⅛ÜðÜ2 REPO ET WE 
22: 450 3 Lot or et 2 2 >< 55 — 28 

e 3 1 2 * OX 1 


VII. A Mixt Quantity or Number, is chu 
| which is Part Integer, and Part Fraction, 15 


b 
Pr 5 Such G are reduced to be 


form of Improper Fractions, by firſt mulciplyingſ 
the Integral Part by the Denominator of the Fra- 
Ctional Part, then axding the Numerator to it, 


3 


al 
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and ſubſcribing the Denominator under all, Thus 
43 ite former Quantity a a + 4 is reduced to this 


: 2, a Bob Y 5 2 c a a b 
improper Fraction —. 


C 


J. Every i improper Fraction is reduced back again 

the anro its equivalent mixt Number, or Integer, by f 
done dividing the Numerator by the Denominator. 

12 

45-8 c- b | 

Thus, divided by e, quotes a 4 1 —3 | 

c 


17 
wil 3 1 
and 


4 theſs 55 
)eno- 
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50 — divided by 1, makes 44, 


om! 4 4 
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EQUATIONS. 


N Equation in Algebra, is the mutual com- 
paring of rwo equal Things of different 
Names or Denominations : As, ſuppoſe 3 

Pounds equal to 60 Shillings = 720 Pence, which 

is equal to 2880 Farthings, Sc. it may be writ- 

wh mn, 34 = A 2886... 

TheTerms of an Equation,are the ſeveral Quan- 
rities or Parts of which every Equation is compo- 
ſed, connected together by the Signs ＋ and —. 

As in this Equation a=b c. The Terms are 

a, band c; where tis ſuppos'd that ſome Quantity 

repreſented by a, is equal to the Sum of b and c; 

or to h and c added together. | 

Whenever a Queſtion or Problem is propoſed 
in Algebra, we always ſuppole the thing ſought 
or required to be known or done. 

And then by putting the Letter 3, or ſome other 

Vowel (many uſe the laſt Letters of the Alphabet, 

x, 2, for the unknown Quantity, or for the thing 

ſought; and Conſonants for whatever is known or 

given, in order to diſtinguiſh one from the other: 


The Queſtion or Problem is firſt :hroughly conſi- \ 
der d, and then duly ſtated, and after this Judici- 8 
1 


conſic 


done u 
tities 
certai 
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II. 


1 
2 


couſly compared, transformed, and varied by Addi 
tion, Subtraction, Multiplication, Diviſion, Ex- 
traction of Roots, Sc. according as the Nature 
olf the Thing, and the Rules of Art direct; till 
at laſt the Quantity ſought, or at leaſt ſome Power 
of it, becomes equal to ſome known or given 
Quantity, and ſo is it ſelf of conſequence diſco- 
iN ver ed. 

After a Queſtion is duly ſtated, tis proper to 
conſider whether ir be ſubject ro any Limztations, 
or nor, To which End the Writers of Algebra 
give theſe General Rules, 


I. If the Quantities ſought or required, are 
more than the Number of the given Equations, 
the Queſtion is capable of innumerable Anſwers, 
See Kerſey's Algebra, P. 301. Vol. 1. 
Il. But if the given Equations, independent 
an- one upon another, are juſt as many as the Quan- 
50. tities ſought: Then the Queſtion hath anly one 
— | certain and determinate Number of Anſwers, 
are lf the Quantities ſought or required are leſs in 
Number than the given Equations, the Queſtion 
1c; is yer more limited; and ſometimes it is diſcove- 
f rable, that tis not to be reſolved, by reaſon of 
ſuch Equations being inconſiſtent with each o- 
ther. 
Esquationt, in order to be Reſolved, muſt firſt 
be Prepared and Reduced; which is uſually done 
by the following Rules, or ſuch like. 


1. If the Quantity ſought, or any Part or De- 
2B gree of it be in Fractions, let all be reduc'd to one 
Common Denomination; and then omitting the 
Denominators, let the Equation be continued in 


the 
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the Numerators only; or in Practice, a i 
the whole by the Denominator of the Fractional 
part. 


2 


V. gr. +i=100=B, 


* 
And 1 a +b+cd =cB, 


A A —-cc 


Or if, 4a—b= —— = pas 


+h+b. 


Multiply all by d, and it will Rand thus, 
ad —-db =aa+cc+dbh-+ #6 


Or if, 42 — 75 4 en 
Multiply all by 4, and 
4 4 — 300 =3 bb 4+4c—4g. 


others Converſion. 


II. When there is an Intermixture of Quanti- : 
ties, known and unknown in any Equation ; let 
all the unknown Quantities (by Tranſpeſi tion) be 


made 
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1 


ply hade to poſſeſs only one fide of the Equation, 
nal Ind all the known ones another. Tranſpoſition is 
ways done by putting the Quantity over to the 
Irher Side with a contrary Sign to what it had be- 
Pre. The Demonſtration of which Rule depends 
In that Axiom, That if to or from Equals, you 
d or ſubtract Equals, the Sums or Remainders 


ill be equal. 
1 


& 58 
oy, 
yy 


Thus ſuppoſe, a — 34 = 60: 
Then, a= 34 +60 = 94. 
Or if a +b -d bete. 
Then, „ d 
If, 42 — 300 2 356 T- 40 — 4. 
Then, 4a =300 + 3 bb ＋ 40 — 4. 
If, 36 +44 = 4 — 60. 


Then, a= 140. 
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1 
* 
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III. If che higheſt Power or Species of the un- 
Pow Quantity, be multiplied into any known 
EDvantiry or Quantities, let the whole be divided 
| by ſuch known Quantity or Quantities, 


Thus if, 5 44 = 30000, a4 = 6000, 


9 5 p If, ba + 4 d = 1000, 
ler 

be looo 
ade Then, 4 — 


If 
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If, dee + dde . 


Then, ee ＋E de 1. 


And this Operation is called by Viets, Para 1 
liſmus, by others Depreſſion. 1 


IV. If all the known Quantities happen to 4 
multiplied into any Degree of the unknown one 
let all be brought down (by Diviſion) to the lo 
eſt degree thereof that can be. 1 

As if, aaaa + baaa=7x;aa: 
Then by Diviſion of all, by a a, 

SEEDERS 

Ifaatab—ac=ad—fa; 4 

Then will « + b — c = d —f. By Diviſin 3 

And, a d -e f. By Tranſpoſitias. : 
Ifee-ge—7Te=15e + 34e—10oe. 3 

Diviſion; and e + 2 2 239. 'I 


And farther by Tranſpoſition, 
e 37. 


And this is that Rule which Viera calls Ei ; 
bibaſmus, 1 


Since 
ontinua 
of the tr 


. 


v. If any one Member of the Equation be a 
rd Root, all muſt be raiſed up to that Power, 
Ind then the Equation continued. 


b If YC + b=c 
arah 6 Then by Tranſpoſition, 
aS eb. 
to 3 | 
one And by this Rule, 
e log 
ec—2be+bb= ab; 8 
And by Rule the third, 


oc - 2 be 
* W 


N OTE. 


To raiſe up any Quantity to the Power of ano- 
ther, i; to multiply it into it ſelf, or to Involye 
it according as the Index of that Power di- 
refs, Thus becauſe V: a b ſignifies the Square 
Root of a b, therefore a b, without the Radi- 
cal Sign, will be a Square; and conſequently 
to continue the Equality, c b muſt by 
Squar d too. | 


RULE VI. 


Since whenever 4 Quantities are diſcretely, or 3 
WF 0ntinually Proportional, the Rectangle or Product 
Hut the rwo mean Terms (or the Square of the 
v. i F2 middle 
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middle one, when there are bur 3) is equalto 1 
Rectangle or Product of the Extreams (by u 
12th of the 6th of Euclids Elements.) Thereforgl A 3 
tis very eaſie, and often very uſeful to reſoi 
Equations into Analog ies, or Proportionals, and vil : 
vers4 ; which, when well underſtood, opens th: =P 
way for the Geometrical Conſtruction, and conſ E 
quently for one very good way of Reſolution oi 
Equations. 2 
Wherefore, Suppoſing the Reader rolerabl* 
verſed in Common Geometry, as he oughr to b 
before he begin Algebra, and that he knows ho-. 
to find a Third, a Mean; or a Fourth Proportional 
Geometrically, 1 ſhall next ſhew the Conſtructia 
of all kinds of Simple Equations, before I procee 
to reſolve any Queſtions or Problems. "0 


CONSTRUCTION 
OF 
QUATIONS, 


N Algebra, 3s the contriving ſuch Lines and 
Figures as ſhall demonſtrate the Equation, Ca- 
non, or Theorem, to be true Geometrically. 
The Method of effeting which, will be ſuffici- 
"wrtly plain from the following Examples, and 
hence eaſier learn d than by long Directions in 
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7 

1 1 fy 

DT 2 
1 

8 


_ 2 


WY | Or if, = T= x: Then, b: 4: 3: K. 


By 8 e. 6 pul 


Or if, ES =a Then, BPI: b+g :: a: 1 


; and 
n ean P 
4 bi; Dc 7. 

4 


— 
Let th 
hereir 
Wale A! 
hich, 

e divic 
= 


* w 


| j Or if it 3 CEE =x, Thenb-=1: bg: a 


II. If — 5 mn = x, The Conſtruction wi 


Solution will be more difficult; becauſeno Leue 
in the Numerator is taken twice: But that i 
may be ſo, and that (a) for Inſtance, may b. 
twice uſed, make as 4: n:: m: a fourth Pri 


2 
3 


; | portional, which let be p. Then nm = 4 4 
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and conſequently £ — P—x Wherefor 
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as by Rule 1. r +5:b p: : 3: K. 
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= ; ab+mn 
IF this Equation were propoſed —=X 


23 mY 
uli T% 
= 
YN "Io 
X 
8 


A — 
J 


BY ou may find firſt a middle Proportional between 
= and b, which ſuppoſe to be p. Alſo another 


* 
* 
0 


2 au nean Proportional between m and n, which ler 
e J. Then will the Equation ſtand thus, 


77 a 
1 = Mo 
n a 7 — | 72 Fs = 

Let therefore a -angled Triangle be made, 
LerWWherein the Perpendicular AP =p, and the 
hat 18Waſe AB=q. Therefore ſhall P Bq=pp+9q9, 
yy LYhich, ſince according to the Equation ir is to 
1 Proſhe divided by r — : Make, as r —s to BP 


= 4) _ . . 
of DD PE? +99) :: ſo P; to a third Proporti- 
al ; which ſhall be x ſought. 
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01 
IN, In this Equation . , = 
Firſt make, as 4: m:: n: (4th Proportional} 


h 11 —. 9 
which let be p. Then will © 25 = =z. Auf f 


conſequently, (as in Caſe 1.) «4d: b—p:: 4) 
Or you might (as in Caſe 2.) have found : L 
mean Proportional between à and b, as alſo be 


V. If 
tween mand n, which being called (as there) y 


and 3. The Equation would have ftood thus „irt, 


hich J. 
1 Then having taken A B = . 
and on it as a Diameter drawn a Semicircle; and 
applying in BC Sg. The Q of AC pp - E 
And conſequently AC = : p- 97; which ; 
fince it is to be divided by ed, make as d 
A C *> A C 29. the Quantity ſoughr, 8 


FS ba: 


Ca 
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* 8 
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Conſtruction of Simple Equations, 41 


"482Þec: 
IV. Let this Equation k, be propoſed. 
nah "= Firſt, Find out (p) a 3d Proportional rof and 4. 
* iþ Erben fp 5 = 4 4. The Equation will ſtand 
Hl J 5 . 
1d 1 7 Z Secondly, Find a 4th Proponicual (q) to , 2. 
be.] and b, ſaying, as F: p:: b: J. Then will, 
. L b, and conſequently the Equation will ſtand thus, 
. L l = 7, i) e. 7 . And therefore, , (as 


| dy Numb. 1.) g: 9 EXE ſought. 


chus, 


V. If this Equation 1 2 were propoſed. 


A | Firſt, Find a 4th Proportional to m, hand k; 
In hich let be p, therefore pm = b k, and conſe- 


=p DHucntly the Equation will and thus, „8 = 


= AL Therefore m: :: Kk: x ſought: 
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3 
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8 
1 0 
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„ ˙7˙·» we WON Wt 
III. In this Equation RY; Il IV I 
C + d -- © 


Firft make, as 4: m:: n: (4th Proportional Firſt 


which let be p. Then will © = 1 u. And J ben 7 


c 
conſequently, (as in Caſe 1.) e + d: b— p:: 4) E : 
Or you might (as in Caſe 2.) have found i Seco; 
mean Proportional between à and b, as alſo be 
b, and 


tween mand n, which being called (as there) 1 q : 
and 3. The Equation would have ftood thuz 4 n 
7277 . — 
2 Then having taken AB = 1 enty 
and on it as a Diameter drawn a Semicircle; and} * 
applying in BC . The O of AC=pp—q4;7 


Fr 
And conſequendy AC = V 2 I 3 which 
fince it is to be divided by cd, make as c+d:\ 
A:: AC: „ the Quantity ſoughr, 4 
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Ea of wy Equations, 41 


IV. Let this Equation © = z, be propoſed. 


9 7 7 | 

nal) "3 Firſt, Find out (p) a 3d Proportional rof and 4; 

i hen f p mY = 44. The 1 will ſtand 
1 7 = 2 1. E. — 

f if | Sede Find a ach e (4) to f, 2. 


und , ſaying, asf: p:: b: J. Then will f = 
E 0 p b, and conſequently the Equation will ſtand thus, 


3 1 8 e. FI = 1. And therefore; (as 


Dy Numb, 1.) 8 wy : x fought. 


* If this Equation LED = & were - propoſed, 


Firſt, Find a 4th Proportional to m, hand k; 
vhich let be p, therefore pm = b k, and conſe- 


| | 3 the Equation will and chus, pms 


on. x = £5, Therefore m: p:: k: x ſought: 
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J. FF an Equation be in any of theſe following : 


fa+ km Then willy = 4/ TE AM. 


(42) 


= Conſt: 


2. But 

a « „Triangle 
Conſtruction of Simple Quadratic 
Equations, 8 
N. B. Simple Quadrat ichs, are ſich as have » [ 
one ſide of the Equation only ſome Power ofπ] ꝗ 
Quantity ſought, without any aber Quantity 
Letter mi xt with it. | | 5 

0 the n 


or AE; like Forms. 


Ds ov (= Jab that ĩs y CAN 

1 UV y= . F I 

Ic or ep g Ve proporti- Ii& 
— onal be- 


Dodd Cid) (246 | 
II. If this Quadratick be propoſed; 3 77 2 f 


& Vm. Q 


I. When the sien is E, make a Rectangle K 
Triangle ABC, and ler the Side A B = roi 
middle Proportional between F and g, and ti 
Side C B = to a mean e between E 
k and m. 


quently 


all 
5 | 


2. Bu 5 


o nſtruction of Simple Quadraticks. 43 
2. But if the Sign be —, make the Rectangled 
riangle (N. 2. whoſe Hypothenuſe A B ler be 


» i 
ck 


. "2 1 
* 
} 
; 
i 
'1 
1 
* 
+ 
bo 
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. 1 
7 | 

- 

i 

| 

3 

# 

z 


l | 
ving to the mean Proportional between F and g, and 


: 

[ x84 

1 & 1 
ASE 1 

0 


| , dd 
8. ; LEA bas = xx. Then will it be = . 
[fee . ec 


abe and by extracting the Square Root every where, 


E ; {becauſe all the Quantities are ſimple and perfect 


. | Squares) it will be oh Therefore c: A:: d: &. 


As in Caſe 1. of Simple Equations, 
3 . 


0 ; 3 


5 T4 - 
IV. If this Equation be propos," * =Xxx, 
EZ Find firſt a fourth Proportional to d, F and g, 
which ler be y. Thendp = fg, and conſe- 
* 15 bk 5 
0 m 


. 


— X Xo 


d J [ Hpain, find a fourth Proportional ro m, 5 and h, 
Wer which let be J. Then qm=ph, and therefore 


F* : Jm k 


44 Conſtruct ion of Simple Quadraticks, 


T hen will | == x x, 


I 8 OS wr — S = * = 
> — — — ns * 2 8 * 
1 
— 
” 


Wax (ie) gk=xx Which bring: 


| 5 e 
it to Caſe I. of Simple Quadraticis; which ſee, 3 2 | 
Se. | : | 


V. If this Equation were propoſed : 
 gbec+becd-i-qbed+bedd_. 3 
fg Im „„ 
Firſt, reduce the Rectangles fg and E m to the 
Squares b b and q q by finding b and q mean Pro- 
portionals between f and g,andk and m, and make = 731 
the Square u 27. iAnd le 
qbec+beed+qbedH+bedd = 


Ueſt 
MM. 
her: N 


b E For the 
For the 


NN 


Alſo, Becauſe cc and cd are multiplied into 2 
7 b - bd , find a Square to the two Rectan- 1 
gles 5 - d, and let it be pp. Therefore] N. B. 
Fr = 72 

nn 3 = We 
Again, becauſe p p is multiplied both into cc and! 
o d, find another Square equal to c c +- cd, which UN 


let be 3 J. Then will EE ZN. = xx (i. . 2 
9 | 1 
1 


os = x. Therefore » : p:: J: x ſoughr. 


7 "| 
N 
3 
1 / 
+ 3 
Wo 
B 
4 5 
070 
' * " SSI 
E 5 
* — 
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22 producing Simple 
ce 
Equations. 
| Tieftion I. 2001. 15 to be divided between two 
A 2 Men, that one is to have 73 I. more than the 
0 in M hat is the Share of each ? 
te For the whole Money put 5 = 200 J. 
1 For the Difference between their Shares, pur 
Ake 4 1 — 
73 1. 


FE And let the Shares ſought be a and e. 


I * 
* ; * 4 
3 * 


Ia e 3 
10 a 3 4 by the Queſtion, 
tan · * 2 2 4 =$+4, 
fore IN. B. Tis an excellent way to keep a Regiſter in 
3 the Margin of all the Steps in the Reſolution of 
any Equation ( according to Dr, Pell's Me- 
and thod ;) for by that means it will readily appear 


nich! Pow every Step is produced: As here the Fi- 
3 gures I 2 right againſt the third Step ſhew 
e.) Dou that it is produced by adding the firſt and 
= ſecond Steps together, which n done to deſtroy e, 
that a may ſtand alone. 


[ 3 A, e y dividing the laſt 
= * 4 | 4 . 5 3 Step by 2. 


ons b And thus is the Value of à preſently known, 
. = 136/. 105.) and this Theorem alſo gain'd, 
a "oy the Sum added to half the Difference of a- 
: ny 


1 — 


3 Simple Equations. ; 
ny two Quantities, # always equal to the greater of 1 
them : Which is the Senſe, in Words at length, i 
9 + d (or 2.49 S d) = #8. . 

And as this way you found the Value of bj } 
Addition of the firſt and ſecond Steps; ſo you 


may find e by Subtraction of the ſecond Step fran 2— : 
the firſt, Thus, x 
1— 285 |2e=s5—d: Wherefore, 
2 6 s 4 1, 3 
— 2 2 2 
. 2 
That is in Words, Half the Sum of any tm LL 
Quantities leſs half their Difference is always equi 
to the leſſer of them: Which is a Canon or The! 4X7 
orem that will find e to be 63 J. 105. Tranſp. 
So that having the Sum and Difference of a, 
two Quantities or Numbers, tis, you ſee, ven] 
eaſie to diſcover the Numbers themſelves. . 7 
Queſtion II. 2001. is ſo diſtributed between in 
Men, that if the Share of one be divided by ibu 
of the other, the Quotient will be 3, How mull © 
bad each? | ” 
For the Shares, put a and e; 
Then a fe = 5 = 200, Y If infte 
a Fence d = 


E Eee” 


yt 
e qua 


The! 


fan 
ver 


1 N 1 
y thi 


much | f 


ence d — 


F 


Simple Equations. 


1 
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8 


1 9 ITY” OT 6 ” 
: A i „ + 


le - 53 — 2 


And ſince —= J. If you multi- 
ply both by e: a e. 

— = e, by which means e vaniſnes; 

being expreſſed another way. 

S—Aa= - by conſidering the 
firſt and ſecond Steps; (which is 
always implyed by the Com- 
ma's in the Margin.) 

9 —qa=a, Multiplying both 

by 7. 

Ja qa, 


1 
== 4; by Dividing each part 


by Transferring 


I -1-q | 
by the Co- efficient 1 / q; that 
is, 4 2 1301. 

e = 50 l. becauſe a was 3 times as 


much as e by the Queſtion. 


If inſtead of the Sum of the 2 Shares the Diffe- 
100 had been given, as alſo the Quo- 


a : 
jent — = 3 ; and a and e required? 


Then, 


47 
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| 
þ 
* 
* 
511 
þ 
4 
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Simple Equations. 


Then, 


| s. 4 
| by the ſecond Step q 
the former Queſtio g 


0 3 
2 


a—eq 


2 
1, 2, 3e ASD eg. 
4] d=eq=—e, 


RL Y "pry De = Jol. Wherefo 


I, 5. 


e 1501. = d+e, 


11 inſte: 


| Queſtion i. Two Men have between them 5 
| d been 


and the greater Share is to the leſſer as 5 to 2, 
as r to t. What bad each ? 


put 4 and e for the 2 Shares, and s = 56 
Te | Sartre. 


1 : 222 
2|7:t — = 


This Step ariſes only by ſaying according 4 
the Golden Rule ; if r 050 t,: What ſhall a give 8 | 


The fourth Term is = = e, which finds a ne 


Notation for e. 


Simple Equations. 49 


* | 


ta 
I,2,| 3|a + 7 . 


3 KN T[4Ira＋ rA rs. 


ep N 75 6 

on + | 5 e 
[ x And conſequently, 

efor „ © 

« I, 55 6 N . Bales 


+ 


Us inſtead of the Sum, the Difſerence 4="24 


1 x Wd been given, Then 


02,0 


= zo y working for e as 
6 | = —=d in Step 2 of the laſt. 
2 ixr7] 2 ER Eat 
? 4-4 189 
1 e e = 40. 


i 4 |e=a—d=40—24=16 asbefore 


H Qucſt. 


\ 
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Queſtion IV. One having a certain Number 
Eggs, left (without breaking any) half that Nun 
ber and half an Egg at one Place: Half the ut 
mainder, and half an Egg at the ſecond Plau 
Half the Remainder and half an Egg at thi 
Place: And then he had one Egg left: E 

many had he at firſt ? = 


For the Number of Eggs put 4. 
And for one Egg put 1 = b. 


What he left at! |. 


A 
: 
1 | —+— = E 
2 2 2 fieſt Place, Ad 
2 Wn LAS Cos — 3 To the f . 
FS 2 Remain 


And if to avoid the trouble of Vulgar, you wol F 
expreſs it by Decimal Fractions: Then the ff 


Eggs left will be — +: 5, and the firſt Ih 
mainder, E —: 5. 
2 


| 3 o that 
3] —— — > 0a—-: 23TH a Nu 
+ a Unir ; 

= to what he left at the ſecaf lf an U 
Place: And, 1. T. 
5 oe” Id leſt h. 

— —— 201 — 25 — 
Il Viuill be the ſecond Remaindy 
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125 —:25-+:5 to what 
he left at the third Place, 


5 JE RY HAS” - 


1 „„ 
| 125: — : 25 — 25 the third 


ſtion is S to b or 1. Therefore, 


E b b 2 * 
| — — — — — — ===, Or ——_— 
8 8 4 2 8 
2125 —:25 — 5 21. Where. 
fore, 


a © »- 3. 8 
TIT ng 


=1-| 3.125 + 25 E 5, 
or tO 1: 875. 


a=8b-b+ at + Is or 4 = 
4 2 


15 : ooo, Wherefore a = x5, 


So that the Import of the Queſtion is only to 
Id a Number, from which taking half and half 
Unit; and from the Remainder its half and 
lf an Unit: The laſt Remainder ſnall be equal 
1. Tis plain alſo, That if a fourth time he 
d leſt half rhe Remainder and half an Egg, he 
ould have had nothing left. e 


H 2 . Queſtion 


. 


Remainder; which by the Que- 


—  - 


- 2 3 FE AIR — — 
— — = 


. — „„ 


52 Simple Equations, 


A Hare being 50 Paces before a Greyhound, mah: 7 


* Queſtion V. 


Acer in Æmonia fugientem valle Lyciſca 
Inſequitur Leporem pita per arva vagum : 


_ Hic e pe præcedit paſſibus, i lle 


Inſtat, & exultans per Fuga lata ruit: 5 
Dumg; quater ſaliendo Lepus conſurgit in altun 
Hic toties ternis Saltibus evehitur. 5 
At tantum geminis percurrit Saltibus Agri 
Interea, quantum conficit ie tribus. 
Dic mihi jam Quoties, ſaltus iterante Lyciſca, 
Contigit infeſto prada petita cani? —_ 
Clark's Ought. explicag 


I This 
ſo is the 
that of t 


four Leaps to the Dog's three; but two Leap: 1 f g 
the Dog's are as much as three of the Hares. Hu, 
many Leaps muſt the Greyhound take to catch tf 


the Hare ? 15 1. 4 

. #1 ranſp. 

Let 50 . ; 8 

2 1 n n. 5 

For the Number of the Dog's Leaps ſought, put Queſtic 

| 1 tity 

Bc e in th 

1:1 2161 , Ke. the [ 

Say, As the Number of the Dog's Leaps, u 05 
thoſe of the Hare in any time: So will all te tf 
Dog's Way be to all the Hare's, after he began ii IE 

courſe her, | : And 


rd 
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| 2 | b EEE = the whole 


Number of 4. Paces the Hare 
went. 


| 3 | m 33 NTT 


——— on iron w7 1: nmr 


Sore eee eee eG I ENS 


—— — — 
n 


— 


4 . 


— 


8 ORE 


I This Proportion ſhews you, that as 2 is to 3, 
ſo is the whole Number of he Dog's ON to 
ſea, that of the Hare's. 


1 A — 
MONO AST 


AN ERR 


lica# : | bm ma ; ; 
F 44 4 — becauſe in 
nat z | 1 
T1 _ | four Proportionals, the Rectan- 
Hl 1 gle of the Extream is r to that 
b | of the mean Ferms. 
1 4Xs| 5 Sna=sbm + mra,. 
wh By ona mb n. 
g s b m 3 
$2 | 7 4 3 
— Mr u — m r | 


dur, Oueſtion VI. In three Bags there j a certain | Qann- 


tity of Pounds Sterling. The Sum of the Pounds 
in the firſt and ſecond Bag, is 20 l. The Sum of 
the Pounds in the ſecond > third Bag, * 481. 
And the Sum of the Pounds in the firſt and third 
Bags, is 44]: Lſ/hat Number of Pounds was in 


each ? 


wy ol ; Ler ae and y be put for the Quantities 8 : 


And 20 = 6: 58 =c and 44 d. 
Then 


= Simple Equations. 


Then by the Queſtion: ö 

Ca ＋e =I 1 

ery = 2 1 

54 = 4 "3. | z 

4 | e=b—4a, by Tranſpoſition of « Þþ * 

n 1 becauſe b— 4 —=e i 1 

f= Ro +y=c, 

3 y Tranſpoſition? 

1 917 : bee, of b — a. | } 

s 7-5 That is, 2 - — 

. 4=d. 3 ＋ 6 = 

| Therefore, 

| d + b—c Which isÞ 7 

* - =8< a Canon! 


| ro find a. 1 
4, 10 Then fince b g: e 12. Whe 
6, | 11 Andy = 36. 2 cally, 
f | 2 Iquare 
This is called a Queſtion by various Poſition, of red on: 
which you have many in Kerſey, and other Wri. the Squ 


rers, 3 Remair 
tient v 

PROB LE M I. 7 quently 

| 2 Baſe b. 
To 3 the Point where a Line 8 And 
y let fall from the Vertex, or Top of an Acute. fourth 
angled Triangle, d b c ſhal cut tho Baſe b = On. 
make a 

Suppoſe jt dane, and the Figure drawn, call Leg, di 


one Segment of the Baſe a; then will the other 
be ba, and let the Perpendicular be called v. 
47 c. J. | 
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f . 

— e, 

ior h 

- b 47. 8 Ipp=dd—aa, and pP ce 
1 | —bb +2ba— aa. | 
| Tranſ.aa | 2 | Wherefore dd=cc—bb+2 ba: 
Tranſp. | 3 And conſq. d d +bb—cc=2ba, 

| bb —ce__ 

1 122 2b | 4 | And therefore EN — a. 

10n Þ 2 1 26 

44 I 


* Wherefore the Length of a is found Arithmeti- 
2 cally, or by Calculation; for if you add the 
Square of the Baſe b, and of the Side d (meaſu- 
of Þ red on any Scale) together, from the Sum ſubtract 
ri. the Square of the Side e: And then divide the 
2} Remainder by the double of the Baſe b, the Quo- 
tient will give you the Length of 4, and conſe- 
2 quently determine the Point where p will cut the 
22 Baſe b. 
And you may conſtruct the Equation in the 
te. fourth Step Geometrically. Thus, 
On 4, the longeſt Leg of the given Triangle, 
make a Semicircle; and in it apply c, the other 
Leg, drawing alſo the Line f. 


Then 


— 5 — ” A 
Ws Bea, 10 2 VOTERS: : 
2 HRS af reared” 7 2142 W 33 © ASS Er RE CITE = 


4 * * 


Simple | Equations.” | . 


ind the 
: Þ d C b, N 
meet wit 


Vertex 0 


Ihen will FF Add ce produce c, till the? "ONT A 
Plaart without the Semicircle be equal to b, theÞ &. Akne 
Baſe of the given Triangle: And draw tf n 
Line g. 

Then will gg =ff+-bb =dd - cc b 
and ſince in the fourth Step, this laſt Quantity i 


to be divided by 3 b, make, as 2 6: g, which i 


* 


47. e. 


CE IEEE 


: ranſp. F, 


n * 


Rf By Tranſp. 
= to V :dd—cc+bb):: g to a fourth Pro 

portional, which will be a. And conſequently «| 
will be found Geometrically. 


And cor 


BJ 
6 
K 


- + 
© Be 


3 *. = 
+» Fo 


PR OMROn d 
cribe a 
s: Dra 
ee: J 


9 
* 
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PROBLEM II. 


Tr f. 'F; ad the Point without an Obtuſe angled Triangle 
1 L c b, where the Baſe b being produced, ſhall 
meet with a true Perpendicular p let fall from the 
N verter of the Triangle. 


i | Suppoſe i it done, and all things noted as you 
"mY ein the Figure. Therefore, 
5 47. e. 1414 cc 4a, and dd 
boy 2} | . 
y bf TJ ranſp.aa] 2|co=dd —2ba—bb. And, 
h LT. ; 3 [ce 2ba = dd bb. And, 
0 a 4 j2aba=dd—bb—cc. 
ly 4 Wherefore, 
4 5 dd — bb — cc 
CCTV 


3 And conſequently à is found by Calculation. 


The Geometrical Conſtrudt ion. 


off 4 Jo. d the longeſt Leg of the Triangle given, 
ccribe a Semicircle, and in ir apply e the other 
L g: Drawing alſo the Line J, fo willff = dd 
ee: Then on 7 deſcribe allo another Semi- 

* 
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* 7 ; 


. 55 : 
hy D 


= 


4 _ 


will g =ff—bb, That is, = 44 


by 2b; make, as 26 to g:: log 
Term; which will be a, the Side ſought, 


 Quadratick Equations. 


Number ſought ; and are of two ſorts. 


given, aSa4=36,ce = 146, yy = 13322; 
And for the Solution of theſe, there needs only u 
extract the Square Root out of the known Num- 
ber, and that is the Value of the Root or Quant 
ty ſought: Thus the Value of 2 in the firſt Equa- 
tion is equal to 6, in the ſecond e = 12 ane) 23 

| Son 


circle, and therein apply 6 the Baſe of the Trias _ 

F 5 FQhird Exa 
gle given: Drawing likewiſe the Line g. The 
II. 44 
tween the 
Fermedia! 


and 


34a — 2 


And tb 
pbecauſe t 
he Co. et 
The O 
bb: And conſequently g —=4u :dd—cc— bi parable F 
And fince the fifth Step of the Equation is divide 
to a fou, 


[ r 4 = = 
EZ o, an 
one by a! 


F And tt 
From wt 
poſing b 


Pign, he 
C = 0 if === 


And fi 


| 5 4 : | 4 ales 8 
eee Equations, ate ſuch as retain on thÞ 


unknown Side, the Square of the Root d Himenk 


bp by ch 
I. Simple Quadratichs, where the Square of tit ny f 
unknown Root is equal to the abſolute Number 


Equation 


| # doth Affi 
imes the 
imes no 


= blolute 
She two 
\nd tha 
ave lik 


— — 


4 Ouadratick Equations, 


| | 1 Fittle more, it being a Surd Root. And in the 
mird Example y = $89; 


59 


II. Adfefted Quadratichs, are ſuch as have be- 
qween the higheſt Power of the unknown Num- 


per, and the abſolute Number given, ſome in- 


termediate Power of the unknown Number, as 


3a — 2ba = 1co, 


F | And this Equation 1s properly called aasee, 


becaule the unknown Root a is multiplied into 
he Co-cfiicient 2 b. | 
| The Original of Adfected Equations, the Incom- 


| F Lable Harriot thus derives: Let a be = -|- b, 
Lora — c, then by Tranſpoſition will a — b 


o, and a + = o. And then multiplying 


qc by another, the Product is aa — 4 4 


-0 6 = 0. 
And this he properly calls an Original Equation. 


1 rom which, or others of the ſame kind, Tranſ- 


- poſing bc over to the other ſide with a contrary 


1 P's”, he gains ſuch an Equarion as this, a a—a 6 


ea bc, which he calls a Canonical Equation. 


And from hence, by putting Examples in all 


* ? 1 Caſes he ſhews, that every poſſible Quadratick 


Loy Dimenſions of the higheſt Power ; as being made 


Eq4ation hath two Real Roots, according to the 


pp by the Multiplication of two Simple Equati- 


1d 4 


il f 


* ns. And that theſe two Roots may be either 
* poth Affirmanive, or both Negative, and that ſome- 
4 Wines they are equal ro each other, and ſome- 
1 imes nor, And from hence he finds, Thar the 
. Fhe two Roots bande (or of the two Values of 2: 


ju 
5 
„ 


blolure Number b c, is always the Rectangle of 


And that if it have a Poſitive Sign, the two Roots 
ave like Signs, but! if a Negative one, unlike. 
I 2 And, 


5 "NS 72 
- >. op re edt, SECRETS. — Ld 


9 
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And, That the Co-efficient of the middle Tem Roots à an 
is always the Aggregate of both the Roots with con. ent x or 
trary Signs; and conſequently their Differena em, and 
when without its Sign. See more in his Second“ 
Section, and Wal in's Algebra, p. 132, Ge. ln the $ 
And when in ſuch kind of Quadraticks a Pifference 
theſe,the Indexes or Exponents of the Dimenſion Fepreſents 
of the unknown Root are in Arithmetical Pro-Þpurting (b 


portion; that is, as in this Equation, 4 4 + 24 and multi 
loo, the Index of a 4 is 2, the Index of 2b:Þ&x = ace, 
is 1, and the Index of 100 is o; then may the Co-efficie1 
Root be eaſily found by the following Method. Roots ; a 
All Equations of this Rank will be in one &Þ 7 
theſe three Forms. In the 7 
| Negative, 
aa EAA =R? * Some make four Forms, bu Quantitie: 
aa —ad R at long run it comes to tu Root ſou; 
as —aa R) ſame thing. Jeſſer of 
| | Bower is! 
In all which Forms, R, the abſolute NumberÞ 5p g both 
given, is a Rectangle, or Product made out ai] & if 32 — 
the two Quantities or Roots ſought, a Greater] would ha 
and a Leſſer. by e. 


Of which, in the Firſt Form, where all is Afff. So that 
mative, the Co. efficient d is the Difference be-Þ tion of 
tween thoſe two Quantities or Roots, and à is the Þ ¶ each N 
Leſſer of them ; as is plain, if you ſuppoſe the From # 
two Roots (as Oughtred doth) to be à the Great. Ganon fo 
er, and e the Lefler, For then let d & be tie F'Fcording 
Difference between them; ſo that e -- x = 4, if Multip 
then you multiply each Part by e, it will be ee-- Fe Prod 
e Xx ae; from whence ir appears allo plainly, en extr: 
that ae is equal to R, the abſolute Number given, Noot ſh; 
or equal to the Rectangle of rhe rwo 3 ugh, 

OOtS 


* 
> 
2 
I 
8 
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ö f oots 4 and e, of which in this Form the Co. effi- 
n Sent x or d is equal to the Difference between 
em, and e is the Leſſer of them. 


; In the Second Form, The Co. efficient d is the 


Difference of the rwo Roots as before, but a there 
on Fepreſents the Greater of them, as is plain, by 
ro. putting (becauſe the Sign is Negative) a—x e, 


and multiplying each Part by a, it produces 44 — 
bx = ae, the ſecond Form, where x or d the 
the Fo efficient is the Difference of the two unknown 
d. Roots ; and a repreſents the Greater of them. 


In the Third Form, where the higheſt Power is 
Negative, the Co- efficient; is the Sum of the two 
b Þ Quantities or Roots ſought; and a the Affirmative 
e Root ſought may be either the Bigger or the 5 
Jeſſer of them. For let (becauſe the higheſt 5 
Dower is Negative) à — 4 = e: Then multiply- 
berÞ hg both by 4, it will be 2 2 — 44 ποẽ,Üj R; 
toi af if 3 — e had been pur equal to 4, then it 
ate! 1 have been z e —ee = ae, by multiplying 
by e. 


ffir. So that this Method ſhews the Original Conſti- ; 
tion of theſe Forms, and the Nature and Office ö 
the each Member of them. | | 5 
the From all which may be found this General | 
eat. anon for the Solution of Quadratick Equations, 
cording ro this Method. 
„if Multiplying the abſolute Number by 4, and to 
ee Product add the Square of the Co. efficient, 
aly, en extract the Square Root of that Sum ; which 
ot ſhall be the Sum of the two Numbers 
ash. Then to or from the half of chat wo, 
1 , add 


3 
1 
Iv; 
. 


62 Quaaratick Equations, N 
add or ſubtract half the Co- efficient, and e 


Sum and Remainder are the two 0 Roors requi $$ You 
red. SR =: 
; s 7] —= 
For the particular Solution of Adfected Quadra paving s 
tickt, there are three Ways. $00, for 


I. That of Oughtred,who proceeds in i 6 gain, i 
Met bod, 2 Here 

| Rectang 

In all the three Forms, how? is given either the the grea 


Rectangle and Sum, or the Refangle and Different | che S. 
of the two unknown Quantities ; whence tis ve 


ry eaſie to find either the Difference i in the forme, In rhe 
or the Sum in the latter Caſe ; and then having , f 

the Sum and Difference of any two anknowf Ther 
Quantities, the Quantities themſelves will ſoon be Ink nou 


known, Ind a r 


chem: ! 


Thus in the firſt Form. Let aa ＋ da=R. F | Beca 
| | T ** — 
Here is given R, the Rectangle of the Roots, iÞ hen »| 
their Difference; and 'tis known that à repre-Þ I Ker. 
ſents the Leſſer of them, Let 8 ſtand for the] 
Sum to be ſought, : 1. 7 
Let a e = , and a e A d. i Em 


Then aa + 2ae ee =, and a « — ing 
2gc fee add. | 3 
Subduct the latter from the former. 


Ss Whi, 

4a Za eee "Dre of t 
44 —24ae ee er of th 
. _ nov 
ae=4R Fhoſe r 


Wherefore 8 S — 4 7 = 4 R And We | | 


etter e 


te Ouadratick Equations, 63 
ul. 

F g 85S - dd: and conſequently that 4 R 
2 8 8, and therefore 5 is known; and then 
N 5 &Þaving S ke d, a the leſſer Root will be known 


; 400, For. = . 


m | Pain, in the ſecond Form. Let aa — a d=R: 
| Here d and R (as before) the Difference and 


ade of the two Roots are given; and 2 
r the the greater of them ; wherefore tis eaſie to find 
5 the Sum, and then S FTA. 


i In the third Form. Where Sa — aa = R. 


| There is given the Co- efficient S= Sum of the 
1 Veet Roots, R the Rectangle between them; 
| : Ind a may be either the bigger or the leſſer of 
hem: Here therefore to find d the Difference. 
hecauſe SS - 4d = 4 R, therefore SS -(- 
R= d d, and conſequently d is known ; and 
hen z S + +d = greater, and 2 S- 2 d = 
feſſer. 


* if The Solution of 4; {feed Quadratick 
3 Emmartions, by the Method of of compleat- 
ing the Square. 


Which is by Mr, Harriot thus: Since in every 
Ine of the three Forms of Quadraticks, one Quar- 
er of the Square of the Co efficient will make the 
Inknovun Side of the Equarion, a complearSquare, 
_FFhoſe true Root will be a -= + d, (or whatever 
debe Petter elſe be the Co- efficient.) 'Tis plain by this 


Hen may, by Simple Algebra, find that 0 


1 
| 
| 
'V 
l 
1 


— „ 4 FOE 


1 
1 
7 
4 
7 
| 
1 
4 
ly 
Y 
# 


_— 


64 5 Quadratick Equations. 


means an Adfected Quadratick Equation may b: 4 
reduced to a Simple one. . 


Wherefore, 


In the firſt Form, when all the Species are Af. ; | 
firmative, | 2 


Ler aa +- da R. 75 


If , dd be added to the unknown Side, it wil * 
be a perfect Square aa + da ＋ 4 44d, whore 
true Root is a ＋ 2 d. q 


Add then, 4 dd to R, and R - 1d d will be In th. 

a periect Square Number and known; who? 
Square Root extracted in Numbers, will be equi proce 
to a + f d: And conſequently, 4 will be equi u mu. 


to that Root, when 4 d is taken from it, and o Hot ex 
a will be known. Kad of 
| Akepreſe 
The Practical Rule is this. 16 4 
To the abſolute Number, add + of the Squat In tl 
of the Co efficient, (or the Square of half the 
Co: efficient) and extract the Root of the Sum: Here, 
Then from that Root found in Numbers, ſu FWimpo! 
tract : the Co- efficient, and the Remainder 1s 4, pt duce 
the leſſer of the two Roots, or Values of a. WR Sign: 
2 — 
In this 


E X AM. 1 d Root 
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EXAMPLE. 
aa ＋ dA R 
Or, aa ＋ 1642 = 36, 
To 36 = R. 
Add 64 d d. 
V : 100 lo = ＋ d. 


E 25 ur a = 

1 will F a B : SOD 

WI $1 Therefore 2 =, 

i W S In the ſecond Form, Let 4 4 — 4 4 = 
hoe 


equi proceed in all reſpects as in the firſt Form ally 
equi du mult at laſt add half the Co- efficient to the 
and (0 Noot extracted out of the Abſolute Number, in- 
ad of taking it from it, as before; becauſe here 
a 33 the greater Root: And thus, If aa 

716 4 = 36, a will be found = to 18, 


3 5 1 n the third Form. Let Sa — 42 4 R. 
alf the! þ 5 
Sum: 


Heere, becauſe the higheſt Power is Negative; 
„ ſub} y impoſlible any ſuch Root can be found that will 
er is | duce —a a; wherefore you muſt imagine all 
4. Signs changed, and it will ſtand thus, S 4 
4 — R; or putting the higheſt Power 
i aa—Sa=—R. 
Wn this Form, the Co-efficient is the Sum of the 
© A *. . Roots, and à may be either of them: 

a K 


4 


And 
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And here the abſolute Number is ſo detern; N 
ned, as that it cannot be greater that the Squad 
of half the Co-efficients : Wherefore, 


The Practical Rule is thi; 


From the Square of half the Co. efficient, tu 
the abſolute Number given, and extract i, 
Square Root of the Remainder; which Root 
ther added to, or ſubtracted from half the Co 
ficient, will give accordingly the greater or le 
Value of 4. 


5 * 
4 


Thus, If 20a — aa = — 36 
Or, S 4 — 4242 2 R 
From 100 =+ SS 
Take 36 = R 


57 „ 


Now 10-|-8 = 18 the greater Root. 
And 10 - 8 2 the leſſer Root. 


Which 


3 > 

: of 

E 0 
: 1 


. [ onſe 
III. To Solve Quadratick Adteted 4s 
quations, by taking away the Sec e 


Term. Andi 
= Th of t 


In any of the three Forms, if the Co. effic 
have a Negative Sign, put e d, bur i 
have an Affirmative Sign, put e — 7 d, ili 
of a, the Root of the higheſt unknown Powe 


- 


Whic 


% 
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Ss [3 Then will ee Fed dd 44. 
Alſo Fe d 2 dd == +d a: 


— 8 5 1 e 3 
IF #005. 5,5 


And theſe two Quantities added together, muſt 


nt, ui ge equal to the abſolute Number given; and the 
act i Nquation will become a Simple one. 
_ | | the firſt Form, za Eda R, or 44 164 f 36, 
or le 1 Let e — 2 d= 4. 
g Then will ee - ed Add = 44 
; N And ed4— 2 dd = 4d. 
| 5 hich added together, make ee - dd R. 
f Therefore e e =R 2 2055 
And conſequently, e = VR 
But e — 2 dg 4. 
Therefore e = a - d. 
1 | Tonſequently a * * = * ＋ 4 Ta, 
—_ I Wherefore a = R- dd —? d. Q. E. D. 


4 Sod fact 64-14 = * R E Ad; If each 
Ert of the Equation be Squared, there will ariſe, 


ba LAL RYY44 
1 int 
Powel Which is the other common Canon for ſolving 


P:adraticks, by adding to each Part the Square 


K 2 nn 


. . 


4 
* 
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of half the Co- efficient, in order to compleat tie 
Square. 1 f 


In the ſecond Form, 22 — ad R. 


Let e — 2 —_— 


Then is ee +ed-|-idd aa. 
And — ed— Ld d=— ad. 


Theſe added make ee A, R. y 
Therefore ee = RA 44d. E 

And e V: R ＋Add. H 

But e 2 dA. Z 

Therefore e=a — 2 d. | 

And conſequently a—1.d=v :R+: 44 Þ 4 
Wherefore à = : R--4dd +24. F Wk 

Q. E, D. ' 2 


And fince — 4 =v:R F744; Ifen 

Side of the Equation be Squared, you will have ; 

aa—ad+idd=R + 1d d, 1 uſt g 

_ Which is the common Canon for ſolving Equa-: Ee oth 
kions, by compleating the Square: 


at the & | 
F In the third Form, da—aa=R. 
Which Form muſt be thus changed, 


Then make as before, e+ 1d = a. 
And then ee ed -A Ad 44. 
b- And — ed - dd - 2 d. 


— 


| Whoſe Sum is ee — 4 4d = —R, 
; ; | Then is ee = 44 4 —R. 

F a 
And ſince, e+ 5d = a. 


e 2 4 — 4 d V :4d—R. 


1 4 ? Wherefore (becauſe there are two Poſitive 
Roots in this Form) 


2 Vd = R 4 


But the Value of @ is Ambiguous, and you 
Huſt generally try both Roots, before you can 
Ind which will ſolve the Queſtion : Whereas in 
e other two Forms the firſt a found, will be 
hat required, — | 


known Quantity added to, or ſubtratted from 
e, muſt be always half the Corefficient. 
. © ©. Ek — oY. 3 


Conſtruction 
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i 


23 N. B. I this way of Solving Quadraticks, ths 


2 1 * a 8 


5 
N 
4 
| 
: 
; 


rr Do 


2 


Nr 


„ 43-e- > 
* — 


4 


(70) 


ticks. 


Li 


have before under Simple Equations : Tha 
of Adfefed ones is eaſily done many ways. 


I. In the firſt Form of Quadratichs, let a a . 
dq a = R. Then by the common Method of 85 


6 d d d 
lution, 4 = Fe 
4 2 


| Wherefore deſeribe a G whoſe Radiuf 
ſhall be CT 7 d, and make the Tangent 1E 


1 


quently »E= V R * 4 —.— Bay 4=4 


* 


: R, drawing alſo the Secant SCE ; then wil 1 


* V :R * 1 7 by 47. e.1,Euc,) and con | ; 


So Conſ 
Conſtruction of Adfected Quadra. 


| $618 


ö * will 
THE Conſtruction of Simple Quadraticht, yoi 


: ; ſeque! 
| il 


And 


22 
9 


Perpe 


Y rallel 


alſo t 


clid,) 


conſtruct ion of Adfected Quadraticks.71 


dra- | | II. In the ſecond Form, where a a da =R}; 


ö | 4 will be equal to V. N + 2 —, And con- 


„ you | ; ſequently the ſame ca 1 Diagram 
Tha uill ſerve here, which was uſed in the firſt Form: 
1 And the Root will be repreſented by SE = 


14 -- [| g Fe 4d dH RT 


UI. In the third 15 where 84 —aa=R; 


4 5 


4 will be equal to 2+ + —R, and here 
: 


| i the Root a hath two real Ws, - make C T 
(=S) the Radius of a Circle, and erect the 
4 


2 — : 
B CREST T 


Radiu ; 3 Perpendicular ET = V: R, then draw EQ Pa- 
TEA rallel to CT, and NO Parallel to ET; draw 


en wil } allo the Radius CN. Then will (by 47. 7. 1. Eu- 


1d con 


: clid,) CO= V. 125 R, and conſequently, 


Ho- 3 


— R the greater Root 


a, 


397 


to M. Oughtred's Method of Solution is this: Draw 


ed above, is that S S — DDS 4 R, Let / R 4 


7572 Aafedted Quaardtichs. 


$. Y-$S 


3 3 S$ ypoth: 
H, and OT= I MT "6 —R, Or the two | ngle be 


6. 90 


Roots will be QN and NE, equal to the for. That is, 
mer. _— [2 


bofition 


EERST 7 7 "IF 1 14 0 1 &4 p = = Hs ar 7 ww - ” 7 1 — 


Another way of Conſtruct ion of 
Adfected Quadraticks. 


D®: Wallis way of Conſtructing the thre: 
Forms of all Quadratic Equations, according 


two Concentrick Circles, and let the Diameter of 
the greater be called S, and the Diamerer of the 


0 dl. Þ T1 


leſſer D, the Sum and Difference of the Roots | T who, 


found, Wherefore H and d will repreſent the] f Se. 
half Sum and half Difference of the Roots. 75 71 
Since therefore Oughtred's Theorem, as is ſhew . — 


be made a Tangent to the leſſer, or a Right Sine 
to the greater Circle, as you ſee in the Figure, ac- And f. 
cording as D, or 8, is given: And draw 8 the 
Jp9- 
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ypothenuſe H. Then will the Baſe of the Tri- 
e tuo angle be 4. And HH— dd = R (by 47. e. 1.) 
Sy ˖˙ 


e for. ä hat is, he 8 R. Wherefore by Tranſ- 


| poſition, HH=R-+ 44d, and therefore H = 


* : R Ad: And conſequently, if it had been 

in the firſt and ſecond Forms, where d and R were 
of piven, H will alſo be found. Or if H had been 
given, and d required as in the third Form. Since 


FHH=—R-+dd; Therefore HH—R=dd: 


thre ſand /: HH—R d: And having thus found 
rding H and , the half Sum and half Difference of the 
Draw ,wo Roots. Then Hd (op) will be the 

greater Root 4, and H— d (S pn) will be the 


of the feſſer, which will be Affirmative or Negative, 
according to the Form and Circumſtances of the 
Equation. 
LA Queſtion and Problems in Adfected 
Quadratich Equations. 
QUESTION. 
1 | { Two Men have each a certain Number of Crowns, 
| * wheſe Sum ſubtradted from the Sum of their 
r dhe | Squares, leaves = 78: But their Sum added 
n to the Product of the two Numbers, makes 39 
„ = S. How many Crowns had each? 


For the unknown Sum of the Numbers put 2 4. 


ad for their Difference 26: For then the Num- 
7 Pers may be thus noted, a+e=<anda—e 
JP* BF >: 5 Where 


74 


Adfected Quadraticks, 


. 


Where > and S ſignifie the Greater and Leſſer. | For 


By Tranſ. 


O24 


By Tranſ. 
4, 6, 


By Tranſ. 


Compl. 0 


KO 


2; 


3 


+ 
J 
x 
7 


11 


12 


| 
| 
| 


aa FF 22a —_S=ee. 


13) Therefore 2 4= 4%; 


And (a) being known, the Value of (e) will be 
found from the fourth Step. Where e = 3, | 
Now, by our Suppoſition at firſt, the great 
Number was a + e, that is 9; and the leſſe 
was 4 — e; that is 3: Which Numbers 3 and oF 
Will anſwer the Queſtion, 7 


pf thei! 
Then, their R 


2443 2ee= Sum of ther! 

Squares. 35 5 

2 a4 E¹ Zee - 242 ◻ R, by the! 

State of the Queſtion. 
R 


39 —aa+a=ee, which Ste? 
will at laſt find e. 5 
a 4a — e- 22 s. Their Prof” 

duct added to their Sum. BM 


30 =aa-Fa=aaTt2a-jFA 
. FT 
T3. =444+ 6 . 
42 4 K- 4 2 39S; which i 
Quadratick of the firſt Form. and 70 
aa f 4 ＋ r = 39 ＋ 17. 


43 * V 39 8 


Let th 
M pothe 
For thi 


a=v 39 ＋ —FE 6 


x 4 
1 
* 4 . — Hl 
5 * 
— * 
* 
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ler. For 1 2, their Sum, taken from 9o, the Sum 
pf their Squares, leaves 78; and added to 27, 
2 Rectangle, makes 39. : 
J N. B. By this Method of putting a+e anda—e 
E 1 for the two Numbers ſought, inſtead of a and e, 
| as in the common way; many Queſtions produ- 
cing Adfefled Quadratick Equations, when 
that way manag d, may be ſolved as eaſily, and 
in the manner of Simple Equations, Eſpeci- 
ally when the Sum and Difference, or Sum or 
Difference of the Squares of the Quantities 
ſought, are among the Data. 


PROBLEM I. 


37 n. Differences of beth the Legs of a b 
0. -angled Triangle being given |= 
om the Hytothenuſe; to find the d 


ch isi Sides and the Triangle ſeveraly, „ 
vorm. and to Form it. 


f I et the Difference of the leſſer Side from the 
pothenuſe be (5) and that of the greater (a.) 
For the greater Side fought put (a). 


4 * ä Then will, 
will . S _|1] TA Hypothenuſe. And, 
= 3» p 2 |[2|a+d—b=rotheleſſer Side, 
1 3|aa+2ad+dd:=24aa+2ad 
an "pe 4;,aa—2ab—2bd+bb=o, by 
* 1 | Compariſon and Tranſpoſition of 
1 5 z the laſt Step, 


L 2 Tranſp, 


ä ITY 
3 —— SY — — 


be . = * 
U nw C - 3 
= — r — » — — — 
— — — _ =» — — — N — = — - 
> > . — 2 —— — — : — — - — — 2 2 = = = 
—— - = - = — — = - 5 — — — _ — — 
— — — % þ — — SA 8 — => — TY —— = ——  — ——— == — 
Wy 7 - . p - 1 25S ES : - * * - 
2 r- 3 1 - on — . — < 2 = 
— rr E 5 . oe pi - G 22 
— ZE: * — ” — 22 — — y 1 _ JE a+ 9 5 —_— = 
= — — — IV * K MM —_ — * i 1 an F 2 2 —_— 3 — - 
— * ma 8 * 2 : — * — % ww —_ .> —— — — — - A Pr — 952. 22 —.— * — — 
o & roars —— he I — — — hm ome — — EI = — — 
— 4 9 "4 * — 2 — = —— —— —— — * 2 = a r — 
— — — . — — — . —— —— - . ͤ in ESSE oat ͤ — x —— — 33 — — 
— — as = * — — — — ws — - — — — — 
2 — — — — — — —— n 
= _ : — 


76 
Tranſp. 


Find a mean Proportional between d and 
which let be DF; ro which, place at Right-u 
gles FG Sto DF, draw DG, and cut off H 
= GD, Then will BH be the greater S 


Adfected Quadraticks. 


| 


5]44—2ab=21bd—Bt, which © 
is a Quadratick Equation «ff # 
the ſecond Form. 1 
6]Jaa—2ab+bb—=2bqd, ©. 

| 3 3 te 
7 2 — b V 225 2? the 


a=v:2bd+6, | 


The General Conſtruction. 


- 


Fl 


ſought. And this being produced to C (fo ti F 
CH=ED) will give CD (SAC) rhe 
Side of the Triangle required. 


H 


E 4 D > 3 « 


Draw a vel 


circle on CB, and apply AB= HB. 1 | And c. 


draw A C, and the Triangle is found, whicl 


ABC. 
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PROBLEM II. 


ch Having in the Square ABCD, the Difference be- 
| tween the Sides and Diagonal = 6, or a, to find 


Which! 
tion q; 


25 
E 


|: the Side of the Square. 
1 3 
andi | 
oy 
— 5 


i 
; ; Let the Side ſought be called x, and 6 = 4. 
Bi Then x ++ 4 = A C the Diagonal. 
But (by 47. e. 1. Euel.) ACq, =2ADg, or to 2 &* &: 
That is x x T2 Xx a Saa=2 xXx. 
; 4 r then x x on both Sides, and it will be 
| 2x4-Hada=xx. 

Aud then by Tranſpoſition, x x — 24x = 46, 
Compleat the Square, and ir will be 


XX—2TaAax-FAAE lA 0 


Wherefore x — 4 = * 22 4 4, 


Y And conſequently x = 72 44 +4=14 48. 


PRO: 


78 : Adſected Quadratiche. 


PROBLEM III. J | 


Given one Segment of the Baſe of a Right- ange 
Triangle, as alſo the Side of the Triangle adi. 
cent to the other Segment of the Baſe ; 'tis requilh © 
red to find the reſt, and to form the Triangle, Þ | 7 
Suppoſe it done; and let the Segment b, ani ? 


* 
2 


the Side e, be both known or given, Let, x be 


——ů — — — yo 
— — — —¼ — — 
— —ü—ä r 


MES 
— — —_—_— — PP ———— "5 
— — — — — — 
= — — — - * 88 —_ 
— 4 ˙—— 2 » ⅛—ö»ͤjñ‚,il1! adn 


F 
Join t. 


Beg P 


Line AL 


— 2 . one — — < — — —  —— 
— — — — — - — - — - — 
RE — — 2 2 5 8 — "= 2 — 
2 — X _ - - boy 7 ng _— b "= . bs — 
* T= l 2 HY 7 5 — — _ Wo 1 2 
— - - — — 
—— 8 — - VC 
w 8 - — — 
« - I? 3 — — —— . — 2 
3 — Tk —— > MDs * —— Y — 
— 3 —— " _ \ - 
— * — n nn in _ dr 2 . 
— —_— 
— — — I =p 
— 


od — — 
ESTI IE —— 
— Lg —_—_ 
—— —— — bh _— . p 1 — 
T DT TEE 
8 2 
— = — — . 3 PX 2 
— IM E 2c — 
— — — 5 


— 
— — 


other Segment of the Baſe, be ſought; which uÞ * 

all that is neceſſary ro ſolve the Problem. 1 
Here therefore, ſince P is ſuppoſed to be a true 

Perpendicular. | 


1j && pp, 47 e. I. Euclid. 1 
And becauſe the Angle at the Top is a Right! 
one, therefore pp = b x, which gives 
another way of expreſſing p p. So that, 
T3jce—xx=b x, and conſequently by BY 
| Tranſpoſition. | 2 
a[com=xx-+b x, which is an Adſected ii 
Quadrarick of the Firſt Form. Where- 

fore, A & 


5ſee + = x * ＋ b * - by compleat- þ f 


| ing the Square. And, 


— Quaclrat ic ks. 79 


[| SR... c += — = * » by Evolution. 


Agel] wi. 

adj ; : 

equi. N bb 8 

. „ V. 
| | 

and? A 

x the 4 Geometrical ConſtruRtion 


join together at Right Anglese F = and FA 
C. Then with the Radius e F deſcribe the 
800 BED, and thro' rhe Centre e draw the 
= ADB. Erect then ar D the CIs AR 


ichs, 


a true, 


Right! 4 
ge p b ) K. which limit, by defaibing 2 Semicircle 
ly by on IBA: Thar Semicircle ſhall cur the Perpendi- 

| ] t ar in the Point K, the Vertex of the Triangle 
coed [ Nuired, whence draw the two Legs B K and 


There- | Y J. IF is BKA the Ogle ſought, . 


1 5 . 
4 * 
> wp * 
* 
0 1 
1.53 
T- g be 
? 1 
5 5 0 
* — 4 4 
5 L . 
- 9 ; 4 
IS. . 1 4 # b + 
_ 0 
71 * E „ 
> Y * 
8 * 


(80) 
Of Cubic and Biquadratick 


Equations. 


Men ſhews the Original of a Cabic E. 
quation to be derived either from rhree La- 
teral or Simple Equations, reduced firſt to the 
Form of Binomials, and then multiplied continu. 
ally into each other; or elſe from one Quadra. 
tick multiplied by a Lateral. = 
Whence he deduces thar all Cubick Equations 
have Real or Imaginary, 3 Roots; or as many 
as are the Dimenſions of its higheſt Power. 
* Thus to forma Cubick Equation, let its three 
Roots or Values to be «a = 2 
a = 3 then by reducing 
| 42 
them to this Form of Binomials, they will ſtan 
thus, 


4 — 2, — © 
4 — 23 = 0 
4 — 4 — © 


And theſe 3 Binomials multiplied continually 
into one another, do produce this Equation 4 44 
— 944+ 26 4 — 24 , ora — 944 20 
Which Cubick Equation would hate 
been produced alſo by multiplying the Quads. 


42 14. 


tick a 2 — 54 ＋ 6 o, by 2 — 4 2 0. 


In like manner he ſhews the Derivation of! 


Of Cu 
Simple 
to the! 
plied 11 
into a 4 
Quadra 
he {aith 
magina 
hons of 
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Biguadratick Equation, to be either from fouſſec Co. e 


Simpe 


0f Cubick and Biquadratick Equations. 8 1 


Simple or Lateral Equations, reduced as above, 
to the Form of Binomi ais, and continually multi- 
plied into one another: Or elſe from a Cubick 
into a Lateral, one Quadratick into another, or a 
Quadratick multiplied by 2 Laterals. Wherefore 
he ſaith, every Biquadratick will have Real or I- 
KE. I naginary, four Roots, agreeable ro the Dimen- 
La- ons of its higheſt Power. 
0 the Thus if the former Cubick af — 944 ＋ 26 4 
tinu. M— 24 o, be multiplied by a 5 =o, there 
Adra: MW vill ariſe this Biguadratick Equation, a* — 4 45 
— 1944 EE 106 4 — 120 S o; that is, af — 
ations 4 — 19424 +106 4 = 120, | 
many WW From which Original of theſe Cubick and Bi- 
quadratick Equations, tis plain, That as ſoon as 
three you can diſcover the Value of any one Root, you 
may depreſs the Equation a Dimenſion lower, by 
ucing Meividing it by ſuch Root reduced ro the Form of 
a Binomial as above. Thus, If. you find that 
one Root, or one à is = 2, then divide the laſt 
quarion by 2 —2, and it will bring it down to 
a Cubick ; and that Cubick,being again divided by 
— 3, 4 — 4, Or a -|- 5, Will be depreſled into 
a Quadratich, &c. And this is ſometimes of good 
Ule to diſſolve Compound Equations into their 
.omponents, as hath been ſhewn by Des Cartes, 
add, and others. | 
17 From this Method of Compoſition of theſe E- 
* quations, tis alſo apparent, of what Members 
1 bare ech of the Co. efficients are made up. For, 
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I. The Co-efficient of the ſecond Term, 0 always 


o. 

he Aggregale of all the Roots under contrary Signs. 
on of a bus, In the Cubick Equation above mentioned, 
m fou 


le Co- efficient 9, is the Sum of 2, 3, and 4, with 
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Simple the 
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Second Term quite vaniſh out of the Equation, ane 
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82 Of Cubick and Biquadratick Equation, 7 
the Negative Sign. And 4 the Co- efficient of the v 

ſecond Term in the Biguadratick Equation above IV. 
mentioned, is the Aggregate of 2, 3, 4 and —5 
that is, 4 with a Negative Sign. Wherefere it 
follows, That if all the Negative Roots, ſeclu 
ding their Signs, be equal to all the Affirmatives 
(tho not each to each reſpectively) then will the 


given is 
Values 
made b. 
Roots © 
all the f 


be wanting, as tis call d ; becauſe the Negative 
and Affirmatives do mutually deſtroy each other 
And vice vers, whenever the ſecond Term i 
wanting in one of theſe Equations, the Roots are 
thus equal], and have contrary Signs, 


The 1 


II. The Co. efficient of the Third Term is the 


Aggregate of all the Rectangles made by wal A Sto 
Multiplication of every pair of the Roots, as d“ I I. 
ten as they can be taken ; which in a Cubick tion of 
3, in a Biquadratick 6, in an Equation of th fors to 
fifth Power io, Sc. according to the Order ¶ ven; ( 
Triangular Numbers 10. Set 

Thus in the Third Term 26 4 of the Cubic ¶ dan for 
quation before mentioned; 26 the Co- fficient iff firſt be 
the Aggregate of 6, 8 and 12, the 3 Rectangle not Per 
of the Roots 2, 3 and 4. dious a 

And here if all the negative Rectangles (ſech 1 wo 
ding their Signs) are equal to all the Affirmatii in ordi 
ones, they will deſttoy one another, and ſo t vinν,j 1 
Third Term will vaniſh, or be wanting. For the 

| to the 

III. The Co efficient of the fourth Term is th tis ma- 
Aggregate of all the Solids made by the continual hath ra 
Multiplication of all the Ternary's, or every thre Equari 
of ſuch Roots ſo Signed, &c. and ſo on ad IF one tri 
nitum. kind of 
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tis made familiar by Practice, and Experience 
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IV. As in Quadraticks the abſolute Number 
given is always the Rectangle of the 2 Roots, or 
Values of a: So in Cubichs 'tis always the Solid 
made by continual Multiplication of all the three 
Roots one into another; and in Brquadraticks, of 
all the four Roots, Oc. 


The Reſelution of Cubick and Bi- 
quadratick Equations. 


AS to the Reſolution of theſe kinds of Equations, 
* I ſhall in this ſhorr Treatiſe make no men- 
tion of Kerſey's way of finding all the juſt Divi- 
ſors to the laſt Term, or ablolute Number gi- 
ven; (See Kerſey's Algebra, Vo!. 1. Book, 2. Chap. 
10. Seft. 9.) Nor of the Common Rules of Car- 
dan for Cubicks; where the ſecond Term muſt 
firſt be raken away; becaule at rhe beſt they are 
not Perfect; and alſo becaule they are very te- 
dious and troubleſome. 

[ would rather adviſe the Learner to make Uſe 
in ordinary Caſes of the general Method of Ste- 
vinus, mention'd by Kerſey in the ſame Chapter: 
For tho' that be bur a tentative Way, and comes 
to the Truth only by frequent Trials; yer when 


hath taught him how to judge of the Limits of 
Equarions, it will expeditiouſly enough diſcover 
one true Roor (if ſuch there be) in almoſt any 
kind of Equation ; whether having all its Parodicł 
%%%/õZ—ͤĩ T 


EEE. 
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Degrees, or Terms, or not. And when one try one tr. 
Root is found, you may (as is ſhewn above) deKhhe Equ: 
preſs the given Equation by it (if ir be a Regula by 4 — 
one) one Degree lower, and by that means eaſiljſ17 2 += 
diſcover the other Roots. whole ta 
clade 55 
quation 

If tt 


(where 


Of this Method take a few Examples. 


EXAMPLE I. 


r * * * 

Suppoſe the former Cubick Equation given, a at firlt < 
| aa ＋ 26 a = 24. to 10, a 
trying v 

Firſt, I will imagine a = 1, and working ac|ceding 


cording to the Equation, I find that 27 —9 (Sd fir 
=24. Wherefore I conclude à is greater than Woo big: 
I try again, and ſuppoſe a = 2. Then will 8 Vith ſor 
52 = 36 (i. e. 60 — 36) = 24. Which Anſwen ast I d 


my Defire, and gives me one real Value cf à -H Hor Mu 
Root in this Cubic Equation: After which I maj t will p 
either divide the given Equation by a—2, which Bur f 
will bring it down to a Qzadratich; or I might Roots o 
have proceeded further in the ſame Method, and Hure or 
have found alſo, that 3 and 4 would have bec{Wourſe t 
the other 2 real Roots. ries, W 
ompar 

EXAMPLE II. purſued 

| dy Dr. 
Suppoſe a 4a 4a — 22 a 4a — 157 a= 360, ook th. 
| Tranſat 

I make trials with 1, 2, 3 and 4, and find them NReaſon 
all too little; wherefore I imagine a = 5. There. bing 
fore according to the Equation, a 4 a (=1 25) His own 
157 a (2785) —22 aa (=550) =360 ; which ered, | 
I find is exactly: And thence I conclude, that 5 N Prop 


is 
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js one true Root of that Equation. Dividing then 
he Equation 44a — 22 44 E157 4 — 360 =o 
by 2 — 5. I reduce it to this Quadratick a a — 
174 +72 =o, That is, aa—17a= 72, 
whole two Roots are 8 and 9: Wherefore I con- 
clude 5, 8 and g, to be the three Roots of the E- 

A quation given. 
If this irregular Equation were propoſed, 
(where alſo the abſolute Number is a Fraction) 
* * * 3 x = 184638.6801, I can diicover 
a offer firſt Sight almoſt, that x muſt bear leaſt equal 
to 10, and trying with 10, I find it too little; but 
trying with 100, I find that much too great: Pro- 
ing a. Nreeding then again, I find 30 roo much; I try 20, 
and I find that ſomething too ſmall; bur 21 J find 


Ce 


ne truz 
ve) de 
Legulz 
s eaſt) 


han too big: wherefore I know x muſt be = to 20, 
11 $8 +{with ſome Decimal Fraction annexed, And ar 
n{werWaſt I diſcover 20.7 to be the very Root ſought: 


For Multiplying that according to the Equation, 
I mar will produce xx & * 50 x = 184638.6801. 
which] Bur for an Univerſal Method of Extracting the - 
migh:{oors our of all manner of Equations, whe her 
d, and Pure or Adfected, in Numbers, there muſt be re- 
e been ourſe had to that of an Infinite or Converging Se- 
ties. Which, I believe was firſt hinted by the In- 
omparable Sir Iſaac Newton, and afterwards 
purſued very fully by Mr. Rælphſon; and from him 
dy Dr. Lagney; then the Sagacious Dr, Haley 
ook the Matter into Conſideration (in Phileſoph. 


O. 

Tranſat, N. 210. A. D. 1694) Demonſtrating the 
them Reaſon of Dr, Lagney's Rules; and carrying the 
"here- Thing much farther, by an Univerſal Method of 
5) + Wis own. Which becauſe tis there largely deli- 


vhich Nered, Illuſtrated with Examples, and Explained 
har 5 Y proper Notes and Obſervations: And . 
15 ß! alſo 


86 Conſtruction of Cubick, &c. 
alſo the Ingenious Mr. Well, of Oxford, hath give 
a very good Account of jr in his Element. 4rit, 
Numer. & Specioſ. I ſhall nor here ſtay to explair 
bur muſt refer the Learned Reader thither. An; 
this I the rather chuſe ro do, becauſe Mr. Jr 
alſo in his Compendium of Algebia, hath large 
inſiſted on this Subject, in our own Language 
hath very much improved on Mr. Ralphſon's and 
Dr. Halley's Foundation, and given a Variety d 
Theorems and Examples; with very uſeful Con 
traftions in the ſeveral Methods of Operation. 

I ſhall therefore next proceed to give you the 
Geometrical Conſtruction of theſe kinds of Equz 
tions, by which all their real Roots will be mol 


_ eaſily and readily found. 12 
Conſtruct ion of Cubick and Brqui cular to 
. . 4 Cone te 

dratick Equations. © he 

ariſing 


Ince the Conſtruction of theſe kinds of EquaiſW1avoa. 
tions is done by the Help of the Parabola : ll The 
will be neceſſary firſt to explain what is meat or the! 
by that Word, and to ſhew you thoſe Properti Any 
of it, which are made uſe of in theſe Conſtru applied 
ctions. the Ax 
If then a Cone, as a bc be cut thro' its Ax And th 
the Section will be a Triangle, as a be, and Vertex 
in the Plane of that Triangle you draw a Line, By fon 


A x X parallel to either fide of the Cone; as fur} And 

poſe here to ac: And then in the Plane of iH which 
Circular Baſe of the Cone, erect X N Perpendſ / A x 

Se 55 cCule 


th give 


. Arit|, 


explait 
„ An 
r. Har 
large! 
guage 
11's an 
riery «f 
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10 cular to the Diameter. 1 ay; If you imagine the 


Cone to be now Eur by another Place, according 
to the two Right- Lines AX, XN, the Section 
ariſing from thence, Nu Ar RN is called a Pa- 
rabola. 

The Point A is called the Vertex of the Section, 
or the Vertex of the Parabola. 

Any Kight-Line, as ræ, or RX; u x, or NX 
applied at Right Angles ro AX (Which! is C alled 
the Axis of the Parabola) is called an Ordifhce: 
And the Patr of the Axis intercepred berween the 
Vertex A and the Ordinate, is called the Atſecſe: 
By ſome, the Intercepted Axe. 

And if you imagine a Righr-line found, as PA, 
which ſhall be a third Proportional to the Alſeiſ- 
Ja A x, and Ordinate r x 5 and which ſhall be 
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placed at the Vertex A, Perpendicular to the Axis 


or which is all one, parallel to the Ordinates: Tha 


Line is called the Latus Rectum, or Parameter. 
And the Nature of this Curve, the Parabola, is 

ſuch; That if any one Ordinate, as x r be a mean 

Proportional between P A the Parameter, and Ax 


Ordinate. 
This therefore is the firſt property of the Para- 


the Rectangle under the Parameter and the Abſciſſa 
proper to that Ordinate; which may be thus eaſily 
demonſtrated. 

Draw y d parallel to the Diameter of the Baſe 
of the Cone; or imagine the Cone to be cut there 
again, by a plane Parallel to the Baſe ; then will 
that Section be a Circle. 


[| i | 'Tis plain x d will be =X e, as being op- 
poſite Sides of a Parallelogram. 

2 The Square of XR Rectangle b Xe, 
and the Square of xr Rectangle f xd, 
from the Nature of the Circle. 

3] AX:Xb::Ax: xf, by Similar Trian- 
1 * gles. 

4 | Wherefore if X and æ be multiplied by 
one and the ſame Length, the Proportion 
Will continue, and it will ſtand thus, 


AX: Xx Ne :: Ax: XF d. 


ternately, AX: Ax :: XR Ji; : vi. 
Which by the by, ſnews you alſo another 


the Abſciſſa: Then will every other Ordinate, 
whereſoever drawn, be ſo too, between the ſame 
Parameter P A, and the proper Abſciſſa to that 


bola ; that, The Square of any Ordinate is equal ti | 


5 That is in other Words, AX: X R /; :: 
| | Ax:xrq; by Step 2; and therefore 4 
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| general Property of the Parabola ; that, 
The Squares of the Ordinates are to one ano- 
eter. ther as the Abſciſſa. Vid. Mydorg. Coni- 
ola, i corum Lib, 1. Theor, 7. | 
mean © If four Quantities be proportional, they may 


e Axis 


That 


XR 9; 
1 | be expreſſed Fraction· wiſe thus, 4 * 
e ſame 3 
0 that = = And then either of thoſe Quan- 
Para. | tities will expreſs the Parameter or Latis 
qual 1 Rectum: Let each therefore be called P. 
Nei XR 9; | 
ealily i Wherefore ſince IF —P:PxAX 
e Bale | will be equal to X R gz; :and P x by Ax 
there = 4; 


Dy 7 | Wherefore P: X R:: XR: AX, and 


P: kr: : Xr: Ax. 


8 


hb Xe, 
Fx d, 


"rian- 


2d by 


rtion 


That is in Words, The Ordinate i a mean Pro- 
tional between the Parameter and the Abſciſſa. 

Or, The Square of the Ordinate is equal to the 
ſectangle under the Parameter and Abſciſſa, Which 
the firſt Property of the Parabola below to be 
nade uſe of. 
The ſecond Property of the Parabola, here to 
e obſerved, is this; that The Parameter ; to the 


thus, Num of any two Ordinates, as their Difference is to 
4 e Difference of the Abſciſſa. | 


Which Property, now commonly called by the 
ame of Baker's. Property, was unknown to the 
incients, and was diſcovered by Mr. Strode of 
aperton, who communicared it to Mr. Baker, « 
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go Uunſtruction of COubick 
he Ingenuouſly owns. Tho? Mr. Baker applied 
with great Advantage to the Conſtruction of c 


bick and Biquadratick Equations, having all the 


Terms, as we fhall ſhew below. 
This Property is thus demonſtrated very brich 


Let p be the Parameter, O and G two Ording: 
and A and a their proper Abſciſſa, | 


DD; — 
a”. 
$45 
Es En Fes 
— ä 
* „0. * 

I fay, That P: OA O:: OG. A. 

For, | 


p1 | PA=OO andPa=OO, by the f 
Property of this Curve. 
12 | Wherefore PA PA OO 66, a 
{ | then by only 
3 | Reſolving that Equation into Proportiona 
it will ſtand thus; 


a) 


Becau 
ay, thi 
ccaſion 
uation, 
one by 

ill app 
rouble : 
a), tis 

raw a | 
ompal: 
lone thi 
Firſt, 
| g the 4 
hateve 
tho by 

xactly 

Decimal 
De of tl 
Idvanta! 
ength « 
ards ft 
called 
nd tha 
erte æx O 
aramet 
ont 5, 
bro' wt 
Draw tt 
own w; 
lone by 
Kc. ſo ! 
imit en 
ye the 
thich t. 


P:O+0;:0—O: A—a, EI 


Becau 


and Biquadratick Equations. 917 


| Becauſe in the Conſtructing of Equations this 
pplied Way, there will be frequent (or rather conſtant) 
n of M ccaſion ro deſcribe Parabola's proper for the E- 
all the Huation, (for tho' Mr. Baker truly faith, It may be 
one by one and the ſame Parabola, yer whoever 
ill apply his Theory to Practice, will find great 
rouble and difficulty in it:) For this Reaſon, I 
ay, tis very convenient to know readily how to 
raw a true Parabola on a Plane by a Scale and 
ompaſs; which is moſt eaſily and expeditiouſly 
lone thus. | 1 

Firſt, Draw the Right. line a Af X, repreſent- 
bo the Axis of the deſigned Parabola; Then, 
hatever the Latus Rectum, or Parameter of it be, 
tho' by the by twill be beſt, either to make it 
xactly an Inch, half an Inch, c. from a good 
DecimalScale, unleſs its Length be determined by 
dne of the Data in the Equarion, as it often may 
dvantageouſly be) whatever therefore be the 
ength of the Parameter, ſer one half of it down- 
ards from a to f. So ſhall f be that Point, which 
called the Focus of a Parabola: Then Biſſect Fa: 
und that determins the Point A, which is the 
ertex of the Parabola Next ſet PR (= to the 
parameter) at Right Angles to the Axis in the 
Point F, which will give P and R, two Points, 
hro' which the Curve of the Parabola myſt paſs. 
Draw then as many Parallels as you pleaſe to PR, 
lownward from F (which is eaſily and ſpeedily 
lone by a good parallel Ruler) as H h, U b h, 
Nc. ſo ſhall the Diſtance a b, ſer from 7, cut and 
imit every proper correſponding Parallel, and 
Ive the Point / on each Side the Axis, thro' 
mich the Curve of the Parabola will pals. 
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The firſt that attempted the general Conſtru- 
Ction of theſe Equations, was the Famous Des 
Cartes, who in the third Book of his excellent 
Geometry, gives a Method by means of a Para- 
| bola and a Circle, to conſtruct and find the real 
Roots of all Equations not exceeding four Dimen- 
ſions. Which Method was however not perfect, 
becauſe it would conſtruct only ſuch Cubick and 
Biquadratick Equations as had their ſecond Term 
firſt raken away. 

However, becauſe this was it which gave Riſe 
to Baker's excellent Rule, and ro whatever Im- 
provements have been ſince made in it; and be- 
cauſe here is laid rhe firſt Foundation, Reaſon, 
and Demonſtration of the whole Matter; I ſhall 
begin with a ſhort Account of it. : 

When the ſecond Term is taken away, or 
wanting, he reduces all Cubick Equations to this Fl 
Form Z* Xapz:aaq=0: And all Biquadra. 
| ricks to this, Z APN IJ: a4 4 I: aaa rHœQe̊ , IM 

Where a repreſents the I. atus Reftum or Parameter | 
of any given Parabola; and is ſuppoſed =1, That 
ſo its Powers may produce no trouble inthe Ope- 
ration. By which means the former Equations 
will be in this Form, Z*kp;:q=o, and Z“ 
* f37:qz3:r=0, Where z is the unknown 
Root ſought; p the known Part of che Third Mi 
Term, or a krown Number multiplied into the 4 
Square of : the known Part of the Fo.urch ³ 


Term, or another known Number multiplied. in- E.. 
to , and er (if it be a Biquadratick) is the Ib 
Term, or abſolute Number given. Bur if rhi2 ſe= i 
cond Term had nor been wanting, that would 
have been p, the third 3, the fourth r, &c, and | 1 
in the Cubick is the abſolute Number. Bs | 1 
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Let then any Parabola, as FAG, be ſuppoſed 
to be deſcribed, whoſe Axis is ADL, and its 
Parameter 4 = 1. 


Firſt, Take A C equal to half a; ſo that the 
Point C will always be within the Parabola. Next 
in the Axis, (downwards from C, if p have a Ne- 
gative Sign, but upwards in the Axis produced, 
when p hath a Poſitive Sign) take CD=# þ, 
Then from the Point D thus found, (or from C if 
the known Part of the third Term 9 be alſo want. 
ing in the Equation) erect a Perpendicular to the 
Axis, as D E, and make it equal to half g: 
Which Perpendicular DE, muſt be on the Right. 
hand of the Axis, if q have a Negative Sign: 
But towards the Left if it be -+ . After which 
deſcribing a Circle on the Center E, with the Ra- 
dius E A, it will (if the Equation were only 2 
Cubick one) cut the Parabola in as many Points a 
the Equation hath true Roots: And the Affirma. 
tive ones will be Perpendiculars or Ordinates, let 
fall from the Curve to the Axis on the Right- hand, 
and the Negative ones ſuch, ſa let fall to the Axis 
on the Left hand. 


But if the Equation be a Biquadratich, there is 
ſomerhing farther neceſſary to find the Radius of 
the Circle. For then the fourth Term r being 
there, and having a Poſitive Sign, take downwards 
from A the Vertex of the Parabola on the Line AE, 
which ſuppoſe drawn AR = r, and produce RA, 
till AS become equal to the Parameter, or = 4 
= I. Then make RS the Diameter of a Circle, 
and at A erect A H Perpendicularly ; it ſhall cut 
the Semicircle in H : So that HE ſhall be the 
A at Bene 


Radin 
(See al 
the As 

Bur 
tive Si 
Circle 
which 
cular 
throug 
And v 
before 


ere 15 
ius of 
being 
vards 
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ircle, 
ll cut 
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24% vivt) 


Radius of the Circle that is to cut the Parabola. 
(Cee alſo Fig, following. Where the Point D, is in 
the Axis produced above the Vertex.) | 
But if the Quantity r happen to have a Nega- 
tive Sign in the Equation : there muſt yet another 
Circle be deſcribed on A E as a Diameter: In 
which accommodate AI = to A H the Perpendi- 
cular before found; which will find the Point I, 
through which the Interſecting Circle muſt paſs: 
And whoſe Radius will be LE, and Center E, as 
before. FEES 7 12 
See Fig. in Pag. 84. 
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And by this means 2 Cirele will be drawn, 
which will cur the Parabola in 1, 2, 3 or 4 Points, 


from whence Perpendiculars ler fall ro the Axis, 


will be all the poſſible or real Roots of the Equa- 
tions, Affirmative or Negative: The former of 
which will be on the ſide of the Axis that the 
Center E is, when tis + 4, but on the other 
Side, when it is — 9. 

The Demonſtration of all which he thus ver] 
eaſily gives us. 


Call 


Call 


found 1 
tis pla 
in the 

Propor 
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Call the Ordinate G K, by this Conſtruction 
found to be a true Root, by the Name of x: Then 


"is plain the Abſciſſa, A K muſt be z z, becauſe 
in the Parabola the Ordinate is always a mean 


Proportional between the Parameter (here ſuppoſe 


rawn, = 1) and the Abſciſſa; by the firſt Property of 
Points, his Figure above demonſtrated. Wherefore if 
» Axis, em AK you take AC=Z (or + a) and then 
Equa- ¶ D p: The Remainder DK (EM) will 
ner of chis Notation be 33 — 2 — 4. (See the two 
ar the Ner Figures.) And this Quantity 4 3 — rp 

other | pp 
quared, produces 3 — zzp —{#73 + = + 

is ver) 1 4 
4 + +. And becauſe by the Conſtruction DE 


* 
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or K M= 4, therefore the whole GM will be 
in this Notation = 7 -+ 7 q, whole Square is 3; 


27 * Add then this and the former 


Square of D K or E M together, and it make 
AAN +344 +3? TH 
which (by 47. e. 1, Eucl.) will be equal to the 
Square of E G, as being the Hypothenuſe of the 
Right-angled Triangle EMG. | 
But this Line EG, being the Radius of the 
Circle F G, may eaſily be expreſſed another way, 
by taking for it its equal EH: For fince ED va 


taken equal to: 9, and that AD was = 3p +2. 


£ ＋ 
2 
reaſon of the Right-angled Triangle A D E. 
Wherefore alſo, Since A H is a mean Propor 
tional between AS = 1, and AR S r, it mul 
be noted by /: r. And ſince EAH by the Suf 
poſition is a Right- angle, the Square of E H (.. 
G) will be equal to the Sum of the Squares 
HA and of EA; Now the Square of EA i 


E A mnft be = to V. * 


77 2 +4: + : To which adding the Squar 
4-4 by 
of AH = r, it will ſtand thus, G EH=+ 9: 
＋ TDP TTA: AndfinceEG = EE 
| theſe rwo Quantities will be equal, viz. F* 
; T T 1 — 71 
J XP TTT PP - 27422 P ˙ 7 — 


* 7 1 4 4+ 1 r: Compare then theſe tut 
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and reject what is common to both, and you will 
find remain 3 J- NTS o. 

From whence it appears, That the Ordinate 
GK, which we called z, is the true Root of the 
Equation propoſed to be conſtructed. Q. E. D. 

And if you apply this Calculation to all other 
Caſes of this Rule, changing the Sign + or —, as 
occaſion requires, you will gain your Deſign after 
the ſame manner. 


Thus far went Des Cartes in this Matter; bur 


he conſidering only the Axis of the Parabola, and 
not thinking what might be done by the other 
Diameters, or Parallels ro the Axis, could nor 
this way conſtruct either Cubick or Biquadratick 
Equations, till he had firſt ejected or raken away 
the ſecond Term : Which ro effect is a tedious 
and troubleſome Operation. 


All which our Famous Mr, Thomas Baker, Re- 


ctor of Nympton, in the County of Devon, well 
conſidering, and having withal ſeen how near 
Schooten was of gaining the Point, (who drew a 
Parallel ro the Axis without the Curve, and by that 
means conſtructed Cub:cks without taking away 
the ſecond Term. See his Comment on Des Car- 
zes's 3d Book, Page 328) He thought of draw- 
ing a Parallel ro the Axis within the Figure; 
whereby, and by the help of Mr. Strodes Proper- 
ty above mentioned, viz, That the Parameter i; to 
the Sum of any two Ordinates :: as their Difference 


# to the Difference of their Abſciſſa : He found he 


Could conſtruct all ſorts of Equations, not exceed- 
ing four Dimenſions ; whether all their Terms 
were there, or whether the ſecond, third, or fourth 
Term, or all of them were wanting. And thar 
he could find che Center of a Circle which would 
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cur the Parabola in as many Points as the Equati. 
on had real Roots: which real Roots, would 
now be Perpendiculars let fall from thoſe interſech. 
ed Points of the Curve, to the ſaid Diameter ot 
Parallel to the Axis. Of this he gives abundance 
of Examples and Caſes, with their Demonſtrai. 


ons, in his Geometrical Key, or Gate of Equation 4 
unlock d. And becauſe the chief, or rather only 
Difficulty, lies in finding the Center of a Circe . T5 
which ſnall Interſect the Parabola in the Points re- Rule 
quired : He gives us for this purpoſe, what h: bove 
very properly calls his Central Rule, which is: cleare 
Rule conſiſting of two Parts: By the former o ducti, 
which he determines the Point D in the Paralld i Marh 
to the Axis, from whence the Perpendicular Df wellt 
is to be erected : And by the latter, the Length a Tt 
that Perpendicular, whereby he finds the Poin i whic! 
E, the Center of the Circle required. See th ow. 
following Figure in Pag. 89. : ＋ 1 
u 
| Lemt 
His Central Rules are theſe. "=P 
| ſed. 
LE M2 +41.=1 = AD. Th 
3 L. 1 1. 11 5 and c 
1 "ui 
8 Ws that ! 
= 4 6 LLEGLESSLL 1 
; two ( 
And becauſe L the Latus Refum or Paramete ja C. 
of the Parabola is equal to I, ir may be contrad: Latus 
ed 1 in rhis Form. W | he D 
angle 
[{Wfcrend 


k angle 
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£quati. 

would . 

erſect, I. —T7 ET —=b=AD. 

Eder or 

ndance 

nſtrati· II. Py Pet 4:25 4— 2373 

uation 4 4 

er only 5 3 ; | 
Kin The Analytical Inveſtigation of which Central 
ints re. Rule Mr. Baker gives, tho obſcurely, in his a- 
vhat hel bove mentioned Book. And tis done alſo much 
ich is: clearer by Scurmius in the Appendix to his Intro- 
-mer q duction to his Specioſa Analhſis, at the end of his 
Parallel i Mat heſis Enucleata, which the Reader would do 
lar Di: well to conſult. | 

ength of The Invention, Reaſon, and Demonſtration of 
e Poin which certain Rule is very briefly and clearly 


ſhown, as follows; in which I was aſſiſted by 
that learned Algebraiſt Mr. Abraham de Moire. 
Suppoſe any Parabola drawn, as K A G. This 
Lemma which expreſſes the ſecond Property of 
that Figure, as above mentioned, may be premi- 
ſed. 
That the Line K G being an entire Ordinate, 
and cutting the Diameter or Parallel to the Axis 
CH, at Right- angles in the Point H. Tis plain, 
DE. Möbhat L: HK (the Sum of the two Ordinates 
 JEGO+OH as:: HG (the Difference of thoſe 
two Ordinates) is to the Difference ofthe Ab/ciſ- 
ſa CH. Wherefore the Rectangle under L, (the 
Latus Rectum or Parameter) and CH (= BO) 
the Difference of the Abſciſſa,is equal to the Rect- 
angle under K H and H G (the Sum and Dif- 
ference of the Ordinates) or equal to the Rect- 
A 
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arametes 
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Suppoſe then in the Figure annexed, Mr,Baker's 
L., the Parameter, or Latus Rectum belonging tg 
this Parabola, to be called p = i, 


„ „„ 
AAWSAGACTADSDaM.A. ae 
mum Saws 22224 „ „ „„ þ 
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aher's 
ing to Let C B = 3. GH z the Root ſought ; then 


| will be 
CD S = b. FG=z +9. And 


DE =d. HK=2a-+z. 


Wherefore by the Lemma, or ſecond Property, 
of the Parabola p x by CHS ο ZA ＋ 1. 


, 


Wherefore CH = — and E F (= 


by = 227 = : but (by 47. 3.Excl). 


FE 1, + FG G=EGq;=EGeag=EDg+ 
DC. Thar is, in this way of Notation, 
T 
LL: PP 7 ; 
DZ TZZdT dd Add. 5 
Strike out b dd being common to both 
Sides of the Equation, and it will ſtand thus, 
F 
FF. = « | 
21 T 24 D. After this, if you multiply 
the laſt Equation by p p, and then divide the Pro- 
duct by x, you will bring ir to this Form, 4 4 43 
44 J 414 474-220 XA 
2 p p 8. 
Or, To reduce it to a more regular Form, 


where the Terms ſhall be ranged in their proper 
Order: Let ic ſtand thus. 
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2 ＋ 444 TTA 47 Whe 
| + 44a73+2ppd=o = 
— 205 K. * 


Or, If you had called the whole Line C Q, by CD, « 


the Name of a, as Baker calls it p, the Equation lame, c 
would ſtand thus. felt Ri 
2 T 244ZZ +ppi—2bpa | The 

+ aa;z+2pbd=o Wing and 

— 2 pl. and yo 


And this is a Cubick Equation produced, ha: ¶ ſore 4 - 
ving all its Parodick Degrees, or Terms, and one 
of whoſe true Roots is apparently 3, a Right- Quanti 
line let fall from G, the Point of Interſection of Nand cor 
the Circle and the Parabola, to the Diameter or Mwbich | 
Parallel to the Axis C H. dius E 


* r 2 —_ ———— — = PPP 5 — — = K 
* ＋ * = "Ss... — _ 1 p* * — 2 — P Oi =>" —— — — 
— 8 — . c 3 : 4 a 
. * — þ FITS X — 2 - — + 6 2 2 — 
8 IRE ſet Dd. ==> 2 8 8 2 —— . "read > HY DO" wee at * 7 
— — A — hey "3-3: I = — — ; 
2 — *% 2 _—_ — . »- =. _;", 4s 2 Z — . LP... * 2 2 : 2 N 
* : 2 - N LX * - * 3 - ap MN 
* " ag * "- ; — bs 3 * 1 * 7 L * 


Nou if you will compare this Equation, Mem- For i 
ber by Member, with one given to be ſolved in Terms, 
the common Form, as ſuppoſe Z + m ZZ Fr Z ite Ver 
— SS o, you will find all things reſpectively e- And th 
qual. Deſcribe any Parabola, as K AG in the V man 
laſt Figure, where apply QC arRighr-angles to which 
the Axis = 1m. Then compare the Co- efficient. Points 
in the two next correſponding Terms in both E- hem a 

| « ry "ang and you will haveppþaa—2pbin Negati 
the former, D r in the latter or common Equa- But 
tion. This is (becauſe 2 à the Co -· efficient of the Nhe Cir 
ſecond Term in one, is equal to m in the other ame! 
Equation, and conſequently a = m) p p + 50 

| es Ca 


n m 25 5 


Where 


— 


. n Y * 0 F* 23 nite; <a 
7 : * * WG, ” ob * * 
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4 7 Which is the Rule to find the length of 


L by CD, or to determine the Point D, nearly the 


* lame, changing only the Letters with Mr. Baker's 


firſt Rule, vi. = + 175 * 4 —=b = AD. 


| | Then again, compare the next two correſpond- 
[=o Wing and equal Terms in both Equations together, 
and you will have 2pbd—2 bp a=S; where- 
S+2bpa ; ; 

* ha: Wore d = 25 ; which being all a known 
ight- I Ouantity, the length of the Line E D is known ; 
on of Hand conſequently the Central Point E is found, on 
ter of which the Circle is to be deſcribed with the Ra- 
dius E C, or EG. 


Mem: For in every Cubick Equation, where are all the 
ed in Terms, the Circle will paſs rhro' the Point C, 
+77 te Vertex of the Diameter or Parallel to the Axis. 
ely e- And the Circle will cur or touch the Parabola in 
in the Nas many Points as the Equation hath real Roots, 
les ro which will be Perpendiculars, let fall from thoſe 
*-jents Points ro the Diameter CH. And which of 
rh E. them are Poſitive or Affirmative, and which are 
p bin Negative, hath been ſhewn above. 

Equa- Bur if the Equation had been a Biquadratic, 
of the the Circle will not paſs thro' the Vertex of the 
other Piameter, but thro another Point, to be found 
pp + according ro the Rule above menrioned in 


Des Cartes his Conſtruction, which is to ſe 


E — * 


1 
wn) 
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* 7 (if S repreſent the Abſolute Number cr fect 


fifch Term in ſuch an Equation, and have a Ne. 4975 
gative Sign) at Right. angles to E C, on the Ver. make 
tex of the Diameter; but if it be * 8, then that Alk n 
Line „ S muſt be inſcribed in another Semicir. 
„„ 2 


cle made on the Line EC; which being ſet from 
the Vertex of the Diameter C, will give in the 
Periphery of that Semicircle on E C, a Point 
thr -4 which the Interſecting Circle required ſhould 
pals | 
And thus are Cubick and Biquadratick Equati WM The 
ons conſtructed, having all their Terms. But ſuch on to 
as want the ſecond, third, or any other Term d 

Terms, may be as well conſtructed this way, o- will ha 
ty by leaving out of the Central Rule that Par 
of it which belongs to ſuch wanting Terms, ard 
going on as is above ſhewd with the reſt. 

If you would ſee how the Central Rule is In. 
veſtigared in the laſt Term of a Biquadraticł, (a 
well as here in a Cubick) according ro Baker; 
Method. which 
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4 Suppoſe QC as before =a, Then if 3 in e And 

oh Figure be taken for one of the real Roots of a Bi | 

. quadratick, a regular Equation will be produce nb 

A in this Form, 

0 Vher 
. „ aa7t 2pabz , 
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Compare this as is above ſhewd, with any 
perfect Biquadratick in the Common Form: As 
ſuppoſe, Z.. m. JI. 1x. S o. Firſt, 
make QC im; which is equal every where 
to a in the other Equation, and putting therefore 
half m inſtead of a, that will ſtand thus. 


Z E MN -+ = pn —8 
—2pbz3z+-2p6badz 
. 


The ſecond Term being expreſs' d by QC, go 


on to compare the third Term in each, ſo you 


will have 770 — 2 bp = q. Wherefore, 


= 17 225. And conſequently di- 


nn 3 q4 = CD 
viding a N 5 þ = CD, 
which is the firſt part of the Central Rule. 

And fince —pmb+2pbd Dr, therefore 


pmb+r =2pbd. But b = - % — 25: 


Vherefore ſubſtituting this inſtead of in the laſt 


ppm mmm m 
2 T 8 2 
1=2pbd: And e all by 29 b,. 
| < 1 


Equation; it will be 
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5 3 

ll end A ˙ 
3 4 16% app 275 

9 = d= DE; which is the ſecond Part of the 

* Central Rule in a Compleat Biquadratick. 

Thar Excellent Mathematician, Dr. Edmund 
Halley, in his Philoſophical Tranſactions, N. 188. 
hath a peculiar Diſſertation on this Subject : Of 
the Conſtruttion of Solid Problems; or Of Equati- 
ons of the third or fourth Power, In which he nor 
only gives the Reaſon and Foundation of Mr. B. 

er's Rule, gets rid of the Intricate Cautions of 
Baker, in reference to the Signs, Sc. bur he gives 
alſoa new Conſtruction of thoſe Equations which 
is very eaſie and ſnort: Ard which therefore! 
ſhall now annex to what hath been already 
done, 

Let any Cubick or Biquadratich Equation, ha- 
ving all irs Terms, be given to be conſtructed in 
one of theſe Forms, Z*. b J J. 4p N. 44 4 . 
, 483 5," 4), r= 0-0 
which it will be capable of being reduced. Then 
deſcribe a Parabola, as N A M, whole Parameter 
or Latus Rectum let be a: Irs Vertex A, and its 
Axis AB C. Then apply at Right-angles to the 
Axis BD =+ b, the ſecond Term in the Equa- 
tion; and thro D draw DH parallel to the Axis, 

and let it be placed on the Lefr-hand, if b have 1 
Negarive Sign ; bur on the Righr-hand if ir be 
- b. In the Line A B continued downwards to- 
wards B, rake BR = < a: and then draw the In- 


be + 

he PG; 
E F, pe. 
the Lin 
hich 
ſhall be 
7 be in 
hen ſet 
f q ha) 


finite Line FK D, take KC=2AB, always Left. h⸗ 
downwards from K; and if rhe Quantity p have {Wall G 
a Negative Sign, rake alſo the ſame way CED ir: 
2; but dn the contrary, rake it upwards if it 


fit be 
be f 


2 PP 
{ the 


mund 
188. 
fuati. 
e not 
r. Ba- 
)ns of 
gives 
vhich 
fore! 
ready 


, ha- 
ted in 
= 0; 
O. (0 


Then 


amet be + p ; then at the Point E thus found (or from 
nd it the Point C, if q be wanting) let there be erected 
to the E F, perpendicular to the Axis, which ſhall cur 
Equa- the Line DK, when produc'd in the Point F. 
> Axis, hich Point F, if the Quantity q be wanting, 
1aVc 2 Wſhall be the Center of the Circle required; but if 
fit be y be in the Equation, and have a Negative Sign, 
rds t0- When ſer towards the Right-hand FG = 4; but 
the In. f 9 have a Poſitive Sign, F G muſt be ſer on the 
ways Left- hand of F, on E F produced that way. So 
p have Hal! G be the Center of the Circle required, and 
1 Lago D its Radius, if the Equation be a Cubick. But 
ds if , fit be a Biquadratick, then the Square of C 8 
be D's, mu 
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muſt be augmented if it be — 7, or diminiſhed if 
it be + r by the Addition or Subtraction of the 
Rectangle under r, and the Parameter (which is 
very eaſie, as hath been before ſhew'd, to effect 
Geometrically) Then a Circle deſcribed with 
the Radius thus encreaſed, ſhall interſect the Pa. 
rabola in as many Points as the Equation hath 
real Roots; and Perpendiculars from thoſe Points 
let fall ro the Diameter D H, ſhall be thoſe real 
Roots in the Equation propoſed : Whereof the 
Affirmative ones ML will be on the Right-hand, 
and the Negative ones NO on the Left. 

And much after the ſame manner doth he ſhew 
us how to conſtruct Cubick Equations, (having all 
their Terms) according to Schooten's Rule, where: 
by the Roots are refer'd to the Axis, And becaule 
| Schooten neither gives the Invention nor Demon- 
ſtration of this Rule, Dr. Haley ſhews irs Orig: 
nal to be this: That every Cubick Equation, ha 
ving all its Terms, may be reduced to a Biqus- 
dratick (where the ſecond Term is wanring) by 
mulriplying ſuch Cubick Equation by 3 — b=0o, 
if it be +6, or Z +b =o, ifit be — b. Which 
new produced Equation {hall have the ſame Rocts 
as the Cubick had, and alſo one more equal to 


- b, according as the Sign of b was in the Equa- 


tion. As for Inſtance, Let this Equarion Z — 


zzb-ap;z—aaq =o, be propoſed to be 


conſtructed. 


This multiplied by z + b (becauſe b hath a Ne. 
gative Sign) makes Z - 2 UA] J ＋4 4/1 
+ 2%þ —7z7Fbb\-apzb+aagqb, which Equa- 
tion, when conſidered, will want irs ſecond Term, 


becauſe — Z b and +;* b, do deſtroy one ano- 
L 


ther. So it will ſtand thus, 


and 
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ed il 

ho 24 K Faprq+ang; 

i eee 
Pa. Where the Co- efficients of the third Term, viz, 


We, > 
oints —bb * a p, do give — ca x Þ to be raken 


f the ! inſtead of 2 P, or C D, in Des Cartes Conſtructi- 
ang Jon: And the Co- efficients of the fourth Term, 
J 


b 
meu“ 7 7 5 give 44 T — to be taken inſtead 


ng all ofa q or DE, by which means the Center of the 


here. Circle is determined; and - becauſe one of the 
caule ¶ Roots of the new Equation, viz. - b, or — b is 
mon. given, the Radius of the Circle, or Point in the 
A. Circumference will be known alſo. A Circle 
ws, men bein g thus deſcribed, and Perpendiculars be- 
24% Wing ler fall ro the Axis from its Interſection with 


8) by the Curve of the Parabola, they ſhall be the true 
Roots required, the Negative ones on the Left- 


"wich hand, and Affirmative ones on the Right. 
are And the Center of the Circle required is 


found by this eaſie Conſtruction ; which is much M N 
Equa· ¶ the beſt for Cubicks. A Parabola as AMD being | 


Z — KWdeſcribed, whoſe Vertex is A, and Axis AH: Ar 
to be he Perpendicular diſtance of b, the ſecond Term 
in the above mentioned Cubicłk Equation, draw 
a Ne- N KD Parallel to the Axis, and cutting the Parabo- 
4 4 i la in D, on the Righr-hand if it be +6, bur on 
Equa- Wrhe Left it be — b. Then on A and D, as on two 
Term, Centers, deſcribe with the ſame opening of the 
e ano- MCompaſles, two Pairs of obſcure Arks crofling 


each 


Us « 
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each other, as you ſee in the following Figure, 
and thro' which is to be drawn the infinite Line 
BC at Right Angles with the ſuppoſed Line Ab, 
and cutting the Axis in the Point E. Then ſet 
(downward from E if ir be —p, but upward to- 
wards A if it be +p) EF=? p. And from F 
{or from E if p be wanting) erect the Perpendicu- 


lar Line F G, cutting the infinite one B C, in the 


Point G. Laſtly, Produce G H == q (towards 
the Right -hand if it be — 9, but towards the 
Left-hand, if it be -+ 9) and then ſhall H be the 
Center of the Circle required, and HD the Ra- 
dius. Which Circle ſhall interſect the Parabola 
in the Points M and D, whence Perpendiculars let 
fall ro the Axis, ſhall be the true Roots: And both 
Affirmative, becauſe on the Right ide. The De- 


monſtration and Reaſon of which, is evident from 


what hath been above delivered. 
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The learned Dr. Halley in Philoſ. Tranſactions, 
N. 190. hath an excellent Diſcourſe of the Num- 
ber of Poſſible Roots in a Solid, or Biquadraticł 
Equation; and alſo of their Limits: Where he 
news, from the Principles of the above written 
Method of Conſtructions, That ſince a Circle 
interſecting a Parabola muſt do it either in two 
Points or four: Therefore in Biquadratick Equa- 
tions, there will be either two or four real Roots, 
Affirmative or Negative. And that if it happens 
that the Circle touch the Parabola only in any, 
Point, and do not cut it: Fis then an Indication 
of the Equality of two Roots having the ſame 
Sign. OY, 

; in Cubicks of all ſorts, and however Adfet- 
ed, there is either but one, or elſe three Poſſible 
Roots, ſuppoſing you allow Negative ones as 
ſuch, | | | 5 

In Biquadraticks, if the laſt Term r have a 
Negative Sign, there are always either two or 
four Roots. But if it be + , and alſo that 


8 V :GD1— ar, (See the laſt Figure ſave one) 
be ſo ſmall, that the Circle deſcribed with that 
Radius on the Center G, cannot touch or cut 
the Parabola in any Point: Then is that Equa- 
tion utterly impotſible; and is explicable by 
no poſſible Root; either Affirmative or Nega- 
ive. By what means he attains to the Knowledge 
of theſe Rules and Limitations, the Reader may 
find there at large, where he fully illuſtrates all 
things with proper Examples. 


Q O F 


wy 
S URD ROOTS. 


HEN any Number or Quantity hath it; 

Root propoſed to be extracted, and ye 

is not a true Figurate Number of that 

kind : Thar is, if its Square Roor being demand. 
ed, it is not a true Square : If its Cube Root be. 
ing requir'd, it ſelf be not a true Cube, &c. ther 
tis impoſſible to aſſign, either in whole Numbers 
or Fractions, any exact Root of ſuch Number 
propoſed. And whenever this happens, tis uſual 
in Mathematicks to mark the required Roots oi 
ſuch Numbers or Quantities, by prefixing before 
it the proper Mark of Radicality, which is „: 
Thus /: 2, ſignifies the Square Root of 2, and 


5 16, or /: (3) 16, ſignifies the Cubick Rot 
of 16: Which Roots, becauſe they are impoſſible 
to be expreſſed in Numbers exactly (for no effa- 
ble Number, either Integer or Fraction multipli. 
ed into it ſelf can ever produce 2; or being 
multiplied Cubically can ever produce 16) arc 
very properly call'd Surd Roots. 
There is alſo another way of Notation now much 
in Uſe, whereby Roots are expreſſed without the 
Radical Sign, by their Indexes: Thus, as x, * 
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Of Surd Roots. 1 15 
x5, ſignifie the Square, Cube and 5th Power of x; 


bo * , x3, «, Sc. ſignifie the Square Root, 
Cube Root Sc. of x. The Reaſon of which is 
plain enough, for ſince /: is a Geometrical mean 
Proportional berween 1 and x: So half is an As 
rithmetical mean Proportional between o and 1, 
and therefore as 2 is the Index of the Square of x, 


half will be the proper Index of its Square Root, 


Sc. | 
Obſerve allo, that for Convenience or Brevity 
ſake, Quantities or Numbers which are not Surds, 
are often expreſſed in the Form of Surd Roots: 


Thus, / 4, /: 24 27, Oc. ſignifie 2, 3, 
3, Oc. 


Bur altho theſe Surd Roots (when truly ſuch) 


are inexpreſſible in Numbers, they are yet capa- 
ble of Arithmetical Operations (ſuch as Addition, 
dubtraction, Multiplicat ion, Diviſion, &c.) which 
how readily to perform the Algebraiſt ought 
nor to be Ignorant. 

Surds are either Simple, which are expreſſed by 
one ſingle Term; or elſe Compound, which are 
formed by the Addition or Subtraction of Simple 


Purds : As /: 5 +4yY:i2 5 - :2, or 


iV: 2: Which laſt is called an Univer- 
al Root : And ſignifies the Cubic Root of that 
Number which is the Reſult of adding 7 to the Square 
Root of 2. | 


5 The 
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The Arithmetick of Surds conſiſts of theſe 
principal Parts, © 


I. To reduce Rational Quantities to the Form of am 
Surd Roots aſſigned. 


Which is perform'd by involving the Rational 

Quantity according to the Index of the Power of 
the Surd, and then prefixing before ir the Radi- 
cal Sign of the Surd propoſed. 

Thus to reduce 4 lo to the Form of y: 15, 
Sb, you muſt ſquare a = 10; and prefix. 
ing the Sign, it will ſtand thus, // :4a = / : 100, 
which is in the Form of the Surd deſired. 80 
alſo if 3 were to be brought to the Form oi 


7 : 12, you muſt raiſe 3 up ro its fourth Power, 
and then prefixing the Note of Radicaliry to it, it 


will be 1 2, dt 815 „ Which is the fame 


8 4 
Form with /: 12. 

And this way may a Simple Surd Fraction, 
whoſe Radical Sign refers only to one of is 
Terms, be changed into another which ſhall re. 
ſpe&-both Numerator and Denominator. Thus 
IS: RD - 5 3- 17 

is reduced to /: — and roy :— 
5 * 25 4 4 
where the Radical Sign affects both Numerato 
and Denominator alike. : 
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II. To reduce Simple Surds, having different Radi. 
cal Signs (which are called Heterogeneal Surds ;) 
to others that may have one common Radical Si gn, 
or which are Homogeneal, 


Divide rhe Index of the Powers of the Surds 
by their greateſt common Diviſor , and ſer the 
Quotients under the Dividends ; then multiply 
thoſe Indexes croſs. ways by each others Quori- 
ents, and before the Products ſer the common 
Radical Sign /: with its proper Index: Then 
involve the Powers of the given Roots alternate 
ly, according to rhe Index of each others Quo- 
tient, and before thoſe Products prefix the com- 
mon Radical Sign before found. 


To -reduce 7 244 and ebb, 
2724 4 2) J :bb 


I 


y : bb 


2 


9 
nNtaaan. 


To reduce /: 5 and / XZ 2 


2 


III. To 
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III. To reduce Surds to their loweſt Terms poſſible, 


Divide the Surd by the greateſt ge Cube, 
Biquadrate, Ge. or any other higher Power, 
which you can diſcover is contained in it, and wil 
meaſure it without any Remainder, and then 
prefix the Root of that Power before the Quoti- 
ent, or Surd ſo divided, and this will produce a 
new Surd of the ſame Value with the former, but 
in more ſimple Terms. Thus, /: 16 a 4 b, by 
dividing by 15 4 4 and prefixing the Root 4 4, 
will be reduced to this 4 2 Y: U andy: 12 will 


Alſo 1 c b r, will be 
brought down to b * cr. And this Reduction 


is of great Uſe whenever it can be perform'd: But 
if no ſuch Square, Cube, Biquadrare, Sc. can be 
found for a Diviſor; then you muſt find out all the 
Diviſors of the Power of the Surd propos'd ; and 
then ſee whether any of them be a Square, Cube, 
Sc. or ſuch a Power as the Radical Sign denotes; 
and if any ſuch can be found, let that be uſed in 
the ſame manner as is above ſaid, to free the Surd 
Quantity in part from the Radical Sign. Thus, 
If /: 288 be propos d; among its Diviſors will 
be found the Squares 4, 9, 16, 36, and 144, by 

which if 288 be divided, there will ariſe the 
Quorients 72, 32, 18, 8 and 2, wherefore in- 
ſtead of /: 288, you may put 2 /: 72, or 3 
2 22, or 4 /: 18, or 6 / 8, or laſtly, 17 

/: 2, and the ſame may be done in Species. 


IV. To 


be depreſs d to 2 /: 3. 
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IV. To find whether two Surd hows given are Com- 
menſurable or not. 


Thoſe are called Commenſurab'e Surds, which 
are to one another as Number to Number, as 
one Rational Quantity to another; or which are, 
when reduced to their leaſt Terms, true Figu- 
rate Quantities of their own kind, 

To diſcover therefore, whether they are ſuch 
or not; If the Surds are of different kinds (or He- 
ſerogeneal Surds 2s ſoime call them) they muſt firſt 
be reduced to one kind, and then divided ſeve- 


| rally by their greateſt common Meaſure, for if 


then there will come our Rational Quotients, the 
firſt Surds are Commenſurable ; but if the Quoti- 
ents are Irrational, or Surd Numbers or Quan- 
ities, then the propoſed Surds are Incommenſu- 
fable. 

V. gr. To examine whether /: 12, a and : 2 
are ee Surds? They being Homo- 
geneal, I divide them ſeverally by their greateſt 
Common Diviſor, which is /: 3 ; and the Quo- 
nents are : 4, and : 1, that is, 2 and t. 


| Wherefore, ſince 2 and 1 are Rational Num- 


bers, I ſay that /: 12 and /: 3, are Commen- 
ſurab! e Surds; or are to one another, as 2 to 1, 
which is very plain; ; for no doubt 12:3: : as 4 

, and tis plain, that as Squares are to one ano- 
ther, fo are their Roots: Wherefore 12 13, as J: 
2, J 3, that is, asvV 4, 1, 0ras 20 1 

Whenever two Surds are divided by one com- 
mon Diviſor, (tho' not the greateſt) if their Quo- 
tients come out Rational, or are to one another as 


Number to Number, thole Surds are certainly 
Commenſurable. It 
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If Fractional Surds were given, not having a 
common Denominator, they muſt firſt be reduced 
to their ſmalleſt common Denominator, and then 


if their Numerators are commenſurable, you 
may conclude the firſt Surd Fractions were ſo. 


My 


Bur if either the Numerators or Denominators WTp the 
of rwo Surds proper Fractions, or mixt Numbers 1 tipl 
in the Form of Fractions (neglecting the Radical * 9p 
Sign) be Powers of that kind which the Radical 85 N 
Sign expreſſes, then they will need no Reduction: bo mi 
For if their Numerators or Denominators are K. 
Commenſurable, the whole Surd Fractions pro- Fr 
poſed are certainly ſo, Thus, If it were enquired, Thus 
Whether /:: - and /: = are Commenſurable will be 
Surds ; becauſe 16 and 25 are Squares, or ſuch W Por f 
Powers as the Radical Sign expreſſes or denotes, WFactor, 
omitting the Sign /: you need only compare the Where / 

Numerators : 50, and /: 72; which being di- Whore 1 : 
FA vided by their greateſt common Diviſor / 2, the of /: 5 
Quotients will be 5 and 6 (i. e. /: 25 and /: 36) = 36. 


Wherefore the given Surds are Commenſurable, 


6 
and are to one another, as 2a —3 and conle 


_ 
quently, by the precedent Rule, may be expreſ I. If 
| 5 6 cauſe th 
ſed thus, — 7 2 and - Y = 25 be tedu 
For an Inſtance in Species : Suppoſe that ii ¶ſtand th 
were enquired whether /: 27 4 4, and /: 12 4 fiplied 11 
were Commenſurable Surds 2 Divide each bi He. 
the greateſt common Diviſor, /: 3 aa : Anden Pre 
the Quotients y :9 and /: 4; that is, 3 and?M/ : 27 
are Rational Numbers; and conſequently, the. 
propoſed Surds are Commenſurable. ightly 1 


Multiplication 


6421) 


Multiplication of Simple Surd 
| Roots. 


* 


F the Surds propoſed be of the ſame kind, mul- 
tiply them one by another, and prefix the 
common Radical Sign to the Product; bur if the 
Surds are Heterogeneal, or of different kinds, 
they muſt be reduced firft (according to Rule 2.) 
to Surds having the ſame Radical Sign. 


Thus to multiply /: 7 by /: 8. the Product 
will be /: 56. 


For ſince in all Multiplication, as 1 is to one 
10res, Factor, ſo is the other to the Product; therefore 
e the Where T: 1: /: 7: /: 8: /: 56. Where- 
g di- ¶ ore 1: 7: : 8:56, that is, 56 is the true Square 
„the Hof /: 56, and /: 56, the true Root of 7 x 8 
36 38. 


Other Examples. 


3 
pre I. If /: 8 were to be multiplied into 4/: 4, be- 
cauſe they are not Homogeneal Surds, they muſt 
be reduced to ſuch by Rule 2, and then they will 

6 


nat 1 Wtand thus; / 512 y : 16, which being mul- 
2 4: Miplied into each other, and the common Radical 


And ign prefix d, will make N 8192: And thus the 
and: / : 27 multiplied by /: 9, when reduced, and 
ightly multiplied, produces * 5314414. 

R II. When 
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II. When a Surd is to be multiplied by a Ra: 
tional Quantity, that Rational Quantity ought fir 
to be reduced to a Surd of like Nature with the 
true Surd. But tis oftentimes convenient only to 
connect them together, by prefixing the Rational 
Quantity to the Left- hand of the Surd. As ſup- 
pole / : 27 were to be multiplied by 6, the Pro. 
duct may commodiouſly be expreſſed thus, 6% 


27, and ſo if by : 9 were to be multiplied by 10 
it will ſtand thus, 10 7: 5, 


III. And when two Rational Quantities ate 
thus prefix d to two Surds of the ſame kind, you 
may find the Product of them by multiply ing the 
Rational Part by the Rational, and the Surd Pan 
by the Surd, then thoſe joyned together will be the 


Product required. Thus 6 4 7 multiplied by 
3 
5 V/: produces 30 if +31. 


IV. If any Surd Root be to be multiplied into 
it ſelf or Involved, according to the Index of its 
proper Power, you need only caſt away the Ra- 
dical Sign, and then the Quantity or Number re- 
maining is always the Square, Cube, or other 
Power required; and will always be Rational. 
| Thus the Square of /: 11 is11, The Cube oſ 


: 30% is 30; allo 1 /: 3 multiplied by 
8 /: 3 48, and 3 /: 5, multiplied by 
2y 25 = 230, 5 
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V. And if the Index of the Power be any even 
compound Number greater than two, and tis re- 
quired to {quare ſuch a Surd: There need only a 
Radical Sign, whoſe Index is half the former, be 
prefix d to the Quantity, inſtead of the former 
Compound one, and it is done. V. gr. Suppoſe 


you would Square this Surd, * 2123 becauſe 
the Index 4 is compounded of 2 and 23 7 12 is 
the due Product, or the true Square of rhe Surd 


Roor 7 2 12, ſo alſo the Square of * 210, 18 
: a . 
10. 


But when a Simple Surd Quantity, whoſe Ra- 
dical Sign hath for its Index ſome Ternary Nums 
ber greater than 3, as 6, 9, Sc. And 'tis requi- 
red to involve this Surd Cubically. Then only 
prefix before the Quantity a Radical Sign with an 


| Index, which 1s one third of the former, and 'ris 


done. Thus, If 7: 64 were to be Cubed, it 


will be of: 64, and the Cube of 7: 512, is * 
512, Sc. alſo the Biquadrate of /: 5, is 25 (as 
being the Square of the Square of /: 5.) And the 


Cube of /: 81 will be /: 81 or 9. 


In the general, to Square, Cube, &c. any Surd 
Root, is only to Square or Cube the Power, re- 
taining the ſame Note of Radicality; but tis better 
where it can be done, to rake one half, one third 
part, Cc, of the Exponent of the Root, as is above 
ſhewa in the laſt particular Rules On the con- 

R 2 FAT; 
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trary, If you would extract the Square, Cube ot 
other Root of any Surd, you muſt double or tri. 
ple, &c. the Exponent of the Radicality. Thus 


the Square Root of / : 16, is /: 16, the Square 
Root of /: 27, is 727, Se. 


* — 


Diviſſon of Simple Surd Roots. 


LIF the Surds are Similar, Homogeneal, or of the 

ſame kind, divide one Number or Quantity 

by another, and prefix the common Radical Sign 

to the Quotient: But if they are Heterogeneal, or 

not of the ſame kind, they muſt be reduced before 

they can be divided. Thus, /: 9.) /: 576 
4 


(48. Andy: 3 (V 35 ( 7. 


The Demonſtration of which General Rule is 
the ſame as that in Multiplication; for from the 
Nature of Diviſion, the Diviſor is to Unity :: as 
the Dividend to the Quotient. Therefore in our 
firſt Inſtance, /: 9: /: 1:7 :576: / 64, but 
as theſe Roots are, ſo will their Squares be: 
Thar is, 9: 1: : 576: 64, and that theſe Num- 
bers are truly Proportional, is apparent; becauſe 
the Rectangles of the Extreams and Means are 
equal. Wherefore, /: 9, /: 1: : /: 576, /: 64, 
and conſequently 64 is the true Quotient. 


II. If 
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II. If any Rational Quantity be to be divided 
by its Square Root, the Square Root will be the 
Quotient: For it a h be divided by /: ab, the 
Quotient muſt be /: ab: And if 50 be divided 
by /: 50, the Quotient will alſo be /: 50. Alſo 
if any Rational Quantity be to be divided by a 
Surd, that Rational Quantity muſt firſt be redu- 
ced to the Form of a Surd by Rule 1. 


III. When a Surd Root having a Rational 
Quantity prefix d before it, is ro be divided by 
the Surd Part of it, the Quotient will be the Ra- 
tional Quantity. Thus, If 5 Y: 9, be to be di- 
vided by /: 9, the Quotient muſt be 5: As if 


5 / :9 had been divided by 5, the Quotient 
would be /: 9. | 


IV. When the Dividend and Diviſor are the 


Products of two Rational Quantities multiplied 
| ſeverally into one common Surd ; or when they 


are Rational Quantities prefix d before one com- 


mon Surd ; then divide the Rational part of the 
Dividend by the Rational part of the Diviſor; 
and what reſults is the true Quotient. 
8/25 be divided by 2 /: 5, the Quotient will 


be 4, and if 8 / : 7 bedivided by 47 27, the 
Quotient will be only 2. 


Thus, if 


{ Bur when the Dividend and Diviſor are two 
| Rational Quantities or Numbers prefix d ro two 
| unequal Surds ; then you muſt divide, not only 
as before, the Rational Part of the Dividend by 
| that of the Diviſor, bur alſo the Surd part; aug 
| thoſe 


r 
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thoſe two Quotients connected together, ſo as the 
Rational part ſtand on the Left-hand, are the 
true Quotient ſoug ht. Thus, If 4 /: 15 were to 
be divided by 2 /: 5, the Quotient will be 2 y : 


3 (S V: 12) and if 4 /: 12, were to be divided 


by 3 /: 2, the Quotient will beg 26. 
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Addition and Subtraction of Surd 
Roots. 


J. W Hen two or more Simple and Equal 


Surds are to be added, Multiply one of 
them by the Number of them all, and the Product 
is the Sum required. Thus the Sum of : 5, and 
5 is the /: 20; becauſe /: 5 multiplied by 2, 
the Number of the Surds, that is by V/: 4, gives 


dꝛo to their Sum. Alſo the Sum of y : 7+ :7 
* 7: 7 becauſe the Surds are 3 in Number, is 
V : 189 ; becauſe / 7 multiplied by 3 (i. e.) the 


3 


y : of 27 makes : 189, 


II. But if Unequal Simple Surds of the ſame 
kind are ro be added together, or if one be to be 
ſubtracted from the other, you muſt firſt try 
whether they are Commenſurable; and if they be, 
that is, if when they have been divided by their 
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greateſt common Diviſor, their Quotients are 


Rational Quantities, then you muſt multiply the 
Sum of thoſe Rational Quantities by the ſaid 
common Diviſor, and the Product will be the 
Sum of the Surds propoſed: Or if the Difference 
of thoſe Rational Quotients be multiplied by the 
Common Diviſor, then the Product will be the 
Difference of the given Surds, when the leſs is 
taken from the greater. | 
Thus if the Sum or Difference of theſe two 
Surds /: 50 and V:8, were required; becauſe 
they are unequal, I try firſt, whether they are 
Commenſurable or nor, by dividing each by the 
greateſt common Diviſor /: 2: And the Quotients 
are /: 25 and :4, that is; and 2, which are 
Rational Numbers; and therefore the Surds are 


Commenſurable: Then their Sum 7, or their 


Difference 3, multiplied by the common Diviſor 
: 2, produces 7 /: 2 for the Sum, andz3y:2 
for the Difference of the Surds required, 


III. If the Commenſurable Surds propoſed, had 


| been Fractions, or Mixt Numbers reduced to the 
Form of Fractions ; they muſt (if they have not 
| one) be reduced to a common Denominator in 
the leaſt Terms; and then to find out the Rari- 
| onal Quotients, you need only divide the two 
| New Numerators by their greateſt common Di- 
| viſor 3 and then you muſt go on as above, in 
| Integral Surds. | e 


Thus if the Sum and Difference ol /: 7 and 


2 | 
EF ; 5 3 . 
1 were required: When reduced to a com- 


mon 


mon Denominator, they will be /: 5 and 7: 
= and theſe divided by their greateſt common 
- | 


2 36 13 

ivi - — the Quotes are /: — and /: 
Diviſor V 75 Q 1 7 7 
ho 
75 


2 
= and their Difference 1 7 53. 


or6V:5-andsV: , whoſe Sum is : 11 


IV. If the Simple Surds given to be added or 
ſubtracted are Incommenſurable, then they can on- 
ly (generally ſpeaking) be added or ſubtracted 
by the Signs . and — : For neither Sum nor 
Difference can be expreſs'd by any Single Roor, 
And from this Addition and Subtraction of Sim- 
ple Surds only by the Signs, ariſes what they call 
a Surd Binomial, or Refidual Root. Thus, /: 6 
—+ : 7, is a Binomial Surd, andy :7 —: 4/6 
is a Reſidual Surd. 


But from Prop. 4. and 7 of Euclid's ſecond Book) 
there ariſes a Rule which helps us to find the Sum 
or Difference of Incommenſurable Square Roots : 


Which Rule is this, 


To or from the Sum of the Squares of the given 
Surd Roots, add or ſubtratt their double ReRangle, 
and the Square Root of the Sum or Remainder, 1 
the Sum or Difference ſought. 


E. gr. 
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E. gr. To find the Sum and Difference of /: 14 

and /: 12, their Squares being 14 and 12, their 

Sum will be 26, and the Double Rectangle of V: 14 
into /: 12, is 2 / £168. 


25 Wherefore of 26 +2 x : 168, is the 
75 Diſerencs $ . 
11 


62 « * 


Of Compound Surds. 


ted T HE Arithmetick of Compound Surds depends 
nor W T on the Rules above given about Simple Surds, 
oor, and on the true Knowledge of the Signs, and + 
im- and — in Algebraick Addition, Subtraction, 
call MW Multiplication and Diviſion ; only ſome particu- 
': 6 lar Directions may be given as ro Binomials and 
y/ 6 I Refiduals: As, 


I. If any Binomial be to be multiplied by its 
ook» Wl correſponding Refidual, the Difference of their 
Sum Squares is the true Product; and therefore will 


come out a Rational Quantity, as if /: 4 +& 


| be multiplied by /: 4 —e, the Product will be 
a Rational Quantity, viz. aa — ee, 


gle, . II. Involution in Binomials and Reſiduals, is 
„ beſt and moſt eafily performed by a Table of 
| Powers : As becauſe we ſee that aa + 24 e+ 
ee S 0 4-þ e. We may conclude that ro ſquare 
r. 2 8 any 
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any Binomial wharſoever, you need only add the ; 
double Rectangle of the Parts to the Sum of the 
Squares of thoſe Parts; or take the double Rect. 


angle from that Sum, if it be a Reſidual. 


4 


one Ci 
Ration 
bo man 
"I of the | 


"FJ as rhet 
III. For Divifion in Compound Surds, tis conve- I Sign, 
nient, if not neceſſary, to reduce them firſt to I ſame v 
ſome better, and when it can be done, to a Ra- Reſidu 
tional Form. And | fand in 
or cont 
(1.) If a Binomial conſiſting of two Simple I the Re 
Square Roots, or of one Square Root and Ra- I ſaid Pr 
tional Quantity, be multiplied by its corre ſpond- I the Bir 
ing Reſidual, the Product will always be a Jrirely . 
Rational Quantity. I Binom 
| Index 
(2.) If a Binomial conſiſting of two Biquadra- I be red 
tick Simple Roots, or of one ſuch, and a Rational 
Quantity; if this be multiplied by its correſpond” And! 
ing Reſidual, the Product will be a Retidual I Lina 
conſiſting of either two Square Roots, or elſe of Rad 
one Square Root and a Rational Quantity, which 
Reſidual being multiplied, as is before ſaid, by . V. 
its Binomial produces a Rational Quantity. I vide e: 
| and co 
(3.)Ifa Trinomial having three Simple Square their 8 
Roots, be multiplied by it (elf, with one of the I Trinot 
Signs changed; the Product will be either a Bi- Jas bet 
nomial or Reſidual, which being mulriplied by to a ne 
its correſpondent Refidual or Binomial, will J Quant 
give in the Product a Quantity entirely Ra- J new D 
tional. | Quant 
Ahe gr 
IV. If a Binomial or Reſidual, conſiſting of two divide 


Simple Cubick or Biquadratick Roots, &c. or of Sur 1 


One, 
92 
27 
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ane Cubick or Biquadratick Root; Gc. and a 
Rational Quantity is propoſed for 2 Diviſor ; find 
boo many continual Proportionals in the Proportion 
"I of the Parts of the Binomial or Reſidual propoſed, 
I as there be Units in the Index of the Radical 
nve- Sign, and ſuch whoſe Radical Sign may be the 
t ro YT ſame with that of the Parts of the Binomial or 
Ra- JRefidual ; but conjoyned in the Binomial by + 
and in Proportionals by A and — alternately 3 
or contrarily, in the Proportionals by -1-, and in 
mple I the Reſidual by H and -; the Product of the 
Ra- aid Proportionals ſo connexed multiplied into 
ond- I the Binomial or Reſidual, will be a Quantity en- 
be a Itirely Rational. After the ſame manner may a 
Binomial or Reſidual, having 5 or 6, &c. for the 
Index of the common Radical Sign of the Roots, 
adra be reduced ro a Quantity entirely Rational. 


bond: | And Note, That when the Roots are of different 


dual } kinds, they muſt firſt be reduced to a common 
lſeof Radical Sign. 
b hich 


by V. If the Diviſor be a Simple Quantity, di- 
I ide each part of the Dividend by the Diviſor, 
and connect thoſe particular Products together by 
juare I their Signs; but if the Diviſor be a Binomial, 
tf the Trinomial, or Quadrinomial, Se. of ſuch kind 
a Bi- as before is ſpecified, reduce that given Diviſor 
d by I to a new Diviſor that may be a Simple Rational 
will Quantity. Reduce alſo the given Dividend to a 
Ra- new Dividend, by mulciplying the former by the 
Quantities that were Multiplicators, in reducing 
the given Diviſor to a Rational Quantity; then 
divide the new Dividend by the new Diviſor : 
or of Bur when the Diviſor cannot be reduced to a 
one 8 2 din 
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Simple Rational Quantity, ſer the Dividend as 
a Numerator, over the Diviſor as a Denomina- 


tor. 


Thus, 12 F : 63 divided by 3, rhe Quoti. 
ent is 4 + V: 7; and 8 — /: 12 divided by 2, 
the Quotient is 4 — U: 3 V: 21 0 15 
divided by : 3, the Quotient is /: 7 Y: 3 
V :56 +: 24 divided by /: 6, the Quotient 


is /: 9 2 ＋ 2: and 7228— 7 14 divided 


T 


3 


by 1 : 7, the Quotient is oe 24 — „2. 
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dem a > F | 
1 = 
Fl T HERE being nothing Publiſh'd on this Sub- 
2 ject in our own Language, and yet the vaſt 
1 Uſe of this Method of Inveſtigation, being as con- 


I ſpicuous as it is wonderful: I thought it proper 
Ito give a ſhort account of it here. 

By the Doctrine of Fluxions then we are to un- 
derſtand the Arithmetick of the Infinzzely ſmall In- 
I crements or Decrements of Indeterminate or Va- 
I 7i5ble Quantities, or as ſome call them the Mo- 
5 ments, or Infinitcly ſmall Differences of ſuch Va- 
©] riable Quantities, Theſe Infinitely ſmall Incre- 
ments or Decrements, our Incomparable Sir I/aac 
Newtcn calls very properly by this Name of F/ux7- 
ons : For as Indeterminate and Variable Quanti- 
ties, viʒ. ſuch as in the Generation of Curvilineal 
and other Figures by Local Motion, are conti- 
1 nually Increaſing or Diminiſhing, he rightly de- 
nominates, Flowing Quantities ; as being ſuch as 
are perperually augmented or leſſen d by the Flux 
or Motion of a Line, Surface, &c, So he calls the 
Celerity or Velocity of the Augmentation or Dimi- 
nution of theſe Flowing Quantities, by the Name 
of HFux ions. And becaule all Figures may be con- 
ceived 
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ceived to be generated by Local Motion; as is 


now very commonly ſuppoſed among Geome: ; 
ters: Therefore tis much more Natural to con- 
ceive the Infinitely ſmall Increments or Decre- 
ments of the Variable and Flowing Quantities, un- 
der the Notion of Fluxions, than under that of 


Moments or Infinitely ſmall Differences; as Leib- 


nits, Niewentiit, and the Noble Author 'of Analyſe 4 


des Infiniment Petits chuſe rather to take them: 
Tho' even that Way alſo is not without its Uſe in 
many Caſes. 


The Excellent Sir . Newton ſuppoſes the Alſciſſa 7 


of a Curve, or any other Flowing or Variable 
Quantity to 'be uniformly augmented, and there- 
fore for its Fluxion he puts 1, or Unity. And the 
other Flowing Quantities he denotes uſually by 
the Letters v, x, y, x, and expreſſes their Flu xi- 
ons by only repeating the ſame Letters with Points, 


or Pricks over their Heads; thus, 7, x, 5. 1 
Which are the Fluxions of the former Flowing 
Quantities. And this Method is much more na- 


tural and ſnorter than Niewentiit's, or the French 
one witk the Differential d multiplied into the 


Flowing Quantity, to denote the Fluxion. 

And becauſe theſe Fluxions themſelves are allo 
Indeterminate and Variable Quantities, and do 
continually increaſe or decreaſe, or grow greater 
or leſſer : Therefore he conſiders the Velocities 
with which they do ſo increaſe or diminiſh, as 
the Fluxions of the former Fluxions : And choſe 
may be called Second Flux ions, and are noted with 


two Points over them, thus, 9, x, 3. And if you 
go on again, and conſider the perpetual Augmen- 


tation or Diminution of theſe ?, as their . 
allo, 
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alſo, you may make third, fourth, or fifth Fluxi- 


8 is * » . 

di 4 ö : © © © @ +» # 

ag on, &c. which will be noted thus; , X, &; 

e 5 

un- , , 5 ; , x, X: And fo on ad Infinitum. If 
of the Flowing Quantity be a Surd or a Fraction, 


112 [ he thus expreſſes its Fluxion: Let the Surd be 


lyſe © Pe e We 5 
rſt 1y/:a—b,ir Eluxion is /: : And the Il; 
ein 1 tt! 

Fluxion of the Fraction I OE... 10 
1 2 1 | if 
le Dr. Wallis's Latin Edit. Pag. 392. | 41 
ere- 5 5 
the The main Buſineſs of the Algorithm, or Arith- 


by J metich of Fluxions, conſiſts in theſe two Things. 


nts, i I. From the Flowing Quantity given, to find 


15 the Fuxion. 

7 II. From the Fluxion to find the Flowing 
wa Quantity, 

che As to the former of theſe, the Learned Dr. 
1 Wallis, in the place above mentioned, (from 
. 40 Sir J. Newton's Papers) gives this General Rule, 


8280 1 Let each Term of the Equation be multiplied ſe. 


ties ¶ parately by the ſeveral Indexes of the Powers of all 1 

BY he Flowing Quantities contained in that Term: And 400 
1 5 in every ſuch Multiplication let one Root or Letter of 7 
vit 


e Power be changed into its proper Fluxion : So 
you hall the Aggregate of all the Products connected to- 
en- get her by their proper Signs, be the Fluxion of the 
rons | Equation deſired, 
ſo, | And 
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And all the Caſes of ir are demonſtrated by ; 
Sir 1/aac Newton in the Lemmata above deliver. 
ed, which I ſhall exemplifie by particular In- 


FJ the Flu 
L In the General, to expreſs the Fluxions of | 


ſtances, 


Simple Variable Quantities, as was ſaid before, 


thus. The Fluxion of x is x, and the Fluxion of a 
9 is, and the Fluxion of x + » + »-þ z, is j 
x +3 +v-+3, &c. 


them. 


" 
SIE 
195 
* 
75 
2 
«7; — 


Thu 


Fluxior 


xvy2z. 


by“ — 
you need only uſe the Letter or Letters which 7 
expreſs them, with a ſmall Point over their Heads, 


— y 4 - 


Supp 


Icreaſed 
cher of 
And (Inverſely) the Flowing Quantities in this Ythe Mc 
Cafe will be eafily had from the Fluxions, by on- 
ly writing the Letters without the Points over find y. 


wich wol 


angle, 


able. 


II. To find the Fluxions of the Products of two 
or more Variable or Flowing Quantities : Multi- 
ply the Fluxion of each Simple Quantity, by the | 
Factors of the Products, or the Product of all the 
reſt, and connect the laſt Products by their pro- 
per Signs, the Sum, or Aggregate is the Fluxion | 


Thus 


fought. 


4 
« *a 


N. B. For the Fluxion of Permanent Quantities, 
when any ſuch are in the Equation, you muſt | 
imagine © or a Cypher ; for ſuch Quantities ? 

can have no Fluxions properly ſpeaking, bes 
cauſe they are without Motion, or Invari. 
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| Thus the Fluxion of xy is x y 4- y x; and the 
F fluxion of & x is I * ITE - and 


Ihe Fluxion of xv3 x, is & vA xv2 x 34 


{:v53;+xv3 z, and the Fluxion of a ＋ x x 


, Yby & — 7 (the common Product being ab + bs 
ens will bebz—y a 3 


Demonſtration of Rule 2. 


Suppoſe x y =to any Rectangle made or en- 


| creaſed by a Perperual Motion or Fluxions of ei- 
Icher of the Sides x or y, along the other, and let 


this 
on- 
over 


Ie Moments, or Fluxions of the Sides be 2 
ind y. By which we underſtand the Velocity 


rich which either Side moves to form the Rect- 


ties, : 
muſt b 
tities | 
; bee a 


vari· 


two 
Aulti- | 
by the 
it the ; 
r pro- 
ua ion 5 


Thus 


ngle, 


” * i : 
17% %% 6% 66% %%% 6099 ꝗ9 „ „ 
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From the Sides ſubduct the half Fluxions of | 


thoſe Sides, and it will ſtand thus; * 7 and | 


* 


| Multiply theſe one into another; and the Pro- | 


duc Will bx 422 


Then to the Sides add the half Moments, « 


Fluxions, and ic will be thus: x + 2 and y . 


© - 


2 


„* £0 1 
produce x y -i- : -|- + f 


After which, ſubtract the former Product 
from this laſt, and the Difference will be only 


x y + x2, the Fluxion of x ), according to the 


Rule. 


Quantity of which it is the Fluxion. 


Letters 


2: Which multiplied alſo into one another, will 


Lettet 
rity v 
be cor 
in the 


III. 
ti phy t 
nator, 
xion 0 


di vi de 


Fracti. 


| Ibe eqn 

The Inverſe of this Rule finds alſo (in this cale; ; 1 
the Flowing Quantity from the Fluxion, viz. It 
each Member of the Fluxion be divided by the 
Fluxionary Quantity, or Letter, or by changing AP 
the Fluxionary Letter into that proper Flowing Rank 
For then 
the Quotes connected by their proper Signs, will 


be the Flowing Quantities ſought. Only it the 


xion o 


Produd 
Denom 
been x, 


——— 


8 of 


and 
Pro- 


8, or 


9 


will | 


o the 


caſe) 


iz, It 
y the 


4.5 Quantity a having no Fluxion, there can be no 
he Product of the Fluxion of the Numerator into the 
il Denominator, as there would haye been, had a 
5 | 


if the 


fetter 


duct 
only 
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Letters be all exactly the ſame, the Flowing Quan- 
tity will be a Simple one, whoſe Parts are not to 
be connected together by the Signs -J- and —, as 
in the firſt three Examples of this Rule. 


III. To find the Fluxion of any Fraction. Mul- 
tiply the Flux ion of the Numerator Ly the Denomi- 
nator, and after it place (with the Sign —) the Flu- 
* ion of the Denominator into the Numerator ; and 
divide the whole by the Square of the Denominator. 


K xy—xy 
Thus the Fluxion of— is 22, for ſup- 
9 TS 


poſe—= {: Then will x ; which equal 


Quantities will have equal Fluxions ; therefore 
«= „I +32, and x=73 = 7 3; and divi- 


ding all by y: = 5 2 . becauſe >=) 


_ wherefore this laſt is the Fluxion of the 


” oe 


FraQtion—= x; becauſe x being = „, wil 


„ 
Ibe equal to the Fluxion of > And the Flu- 


— — 


; 8 x 4 
xion of — will be 
„* X * 


; for the Permanent 


been x, 3, or any other Variable Quantity. 


T 2 Alſo 
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Alſo the Fluxion of— will be —y and the Flu. | * 


* 4 + 414 —=z> 
will be 
a+x a a TAX ＋ & K 


* 2 
a 4a 24 K ＋ Æα & 


xion of 


„ or, f 


: bernd — * K and + xx 


deſtroy one another: Alſo the Fluxion of — or 


TI 

1 ſtand 
„ Here alſo the Reverſe of 

the Rule "We ro find the FlowingQuantity from 
the — ; as if the Flowing Quantity of this | 

215 | Fe 
Fraction were required e Firſt mul. 

tiply it by the Square of the Denominator, and it aud 

will be x y xy, from which take away — xy Or: 


_ which was placed after it, and it will be xy; omit I of the 
the Point, and 'ris xy, which becauſe y is the De- And! 


| x2 = 
nominator of a Fraction will ar laſt be—. 1 
Before the Fluxions of any Power, whether | — — 


Perfect or Imperfect, can be found; the follow- F * 
ing Way of Notation muſt be well underſtood. gx = 


If a Series of Geometrick Progreſſionals be 1 in | Al. 
this Order, -. 125 V: 


1. X. & A XXX, „ , &, & % Ge. 


Their | 
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| Their Indexes, or Exponents, will bein Ariths 


metical Progreſſion, and ſtand thus. 
o. 1. 2. 3. 4. „ . 


But if they are Fractions; as, 


$$ 3 $3 
* 3 x* x* X* x* -x/ 


Then their Exponents will be Negative ; and 
ſtand thus. | 


— 1. — 2. — 3. — 45 — 5. — 6. — 7. 


For if you ſuppoſe x = 2: Then will =, 


I i 
and == hs and == = {Þ» CC. 


Or if you expreſs theGeometrical Series by means 
of the Exponent, it will ſtand thus, x * , &c, 
And if it were expreſſed thus x; then it will be 


xo =1, becauſe x is the Denominator of the R- 


tio, in which Unity is not affected. Thus allo, 


1 I 
—= ad --= x. And = x7, x ns 
ð 7 x3 L 


. 


Alſo the Exponent of /: x will be g, becauſe 
as /: x is a mean Proportional between 1 and x: 
So 2 is an Arithmetical Mean between o and 1. 


And 
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And the Exponent of * x will be Y; becauſe 


3 | 
as y/ : xs thefirſt of the two Mean Proportio- 
nals between 1 and x; ſo + is the firſt of the two 
Arithmetical Means between o and 1. 


2 5 8 
For ſince 1 x. x x. x x x. are continually pro- 
portional ; therefore their Cubes, or any other 
Roots, will be alſo continually proportional. That 
3 


* © 
—— — 
” © 


So allo, 


1. K*, . xXx. x7 x5, =, 


| Wherefore the Roots of the fifth Power of 
thoſe Quantities will be . 


Thar is, 


5 


VI. * x. of V.. V.. Vt. US. 


_ —} — = 
. J « ths — * — 
„ tg api fy. 2 uy 
SE - * 
4 — . 
F 7 2 
9 \ 9 


* — 6 — ge” 


<4 N - 


— Oe 
$275, — — pany 


I 44, will be 3. 


N. B. Always place the Index of the Letter (or 
Power) over that of the Radical Sign. 


Thus 


is, / 21 (=1,) 4 . / xxx (=x] 


Alfo, for the ſame Reaſon, the Exponent of 


Th 


be — 


So. 


Thi 


* 


denote 


Cube 


Thu 


Produ 
the Pr. 
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: I R 
FI I Thus in Fractions : The Exponent of _ will 


8 — | 1 5 
tio: be = 7, of 7 will be —}, of — will 
WO 125 22 a 

I ; 3 
be —5, of * . x7 will be — 25 Sc. 

pro- . 3 r 
18 IN. B. /: * and x, or V: x and *: Or, 

„% ES. + | 
| y/ : x*,and x*, are only two different ways 
=x) i of Notation for one and the ſame thing, the 
| former is the od, the latter the new Way, 
2 5 
So likewiſe ” and x—* areall one: And = 18 

f 5 Ge. 

r of The way of reading or expreſſing Quantities ſo 


denoted, is thus, x —* is Unity divided by the 


| | » | 
Cube of x, and if it were K 7; it muſt be read 


| Unity or One divided by the Cube - Root of the 
r.) J$Seventh Power of x. 


of {| Note alſo, That the Sum of any two Exponents 
1 of two Numbers or Quantities, in Geome- 
trick Progreſſion, makes the Exponent of the 

Product of thoſe two Terms. 


r (or . a 3 
Thus x or & is the way of expreſſing the 
3 | E 2 1 1 7 | 
4 3 — FS Yo 3 
EProdudt of x* into x, and x- „or i 
This | 5 
Us Fthe Product of x into *. 


Alſo 


* * 
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Alſo x or x is the Product of x-: 


Wo] 


into irſelf, or the Square of . 


And the Difference between the Exponents of 4 
any two Terms, is the Exponent of the Quotient 
ariſing by Diviſion of the greater by the leſs. 


Sd, >. 1 5 
Thus, x* —, or æ& is the Exponent of te 


1 
. 1 ” 
Quotient of x* by &, &c. 


Let p repreſent the Exponent of N, any Num: 1 
ber ar pleaſure ; and let p=1. i 
Then will N' N.: N. N“, and N:: 
N: N . N,, Ge. An 


eee ee 
> : - . 
bs 


Ot, ifp= 9; Nota 

; | " 3 8 6 8 772 5 
And Negatively, E 

N” =N-", and N. = N', Ge. 
Alſo o is an Arithmetical Mean between a Po- 
ſitive and a Negative Quantity equally diſtant 
from it, (i. e.) 6: 0: 6, are Arithmetically pro- 
portional: Sois 1a Geometrical Mean betweenan 


Affirmative and Negative Power, at equal Diſtan- 
ces from ir, 5 


Fs 


"oF" . 
I 

4 * 

2 

5 

2 


V4 
fry 


8 

mort 

| 1 
of 
Fo 

, 1 
ent 
ö 1 


LORE 
3 
7 4 
Vo 
lex . 
4 Wd 
Rs. 
bn 9 
N 
0 
* 


Notation thus, 
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That is, N-: 1: NT 
Wherefore, 1 = N x Ne, And dividing 


all by N” {NT =N"". 


And to add ſome Examples of Multiplication 
and Diviſion in this way : 


And — — divided by _ 
of &* | 
12 
#/ x 
I 


„ : 
* -= (- = , &c. 


y x-x 
IV. This being well underſtood, there is this 


p=Ry 


„ will ſtand in this 


þ general Rule for the finding the Fluxion of any 


Power, whether Perfect or Imperfect, viz. Mul- 


A tiply the Power (firſt brought one Degree lower) by 
the Index of that firſt Power ; and then, that Pro- 
aud by the Fluxion of the Not. 


WK Thus 
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Thus the Fluxion of x & will be 2 x x, for xx 
= x x x, but the Fluxion of x Xx x = xx 
= xx, &c, andthe Fluxion of x* will be 3 x x x: 


That of x* will be 8 & x, &c.or if mexpreſs the 
Index of any Power, as ſuppoſe x”. Then its Flu- 


xlon will be X“ x Or mx * „ For x 


brought one degree lower (m being a general In. 
dex) muſt be x” : Then that multiplied by m 


the Index, makes mx“, and this laſt by the 


Fluxion of the Root produces m x" &. 


If the Power be produc'd from a Binomial, c. 


as ſuppoſe x x + 2 xy --3), its Fluxion will be 


21 4 L 2K 5 +2 x» + 2 7), by working ac* 
cording to this fourth, and the ſecond Rules. 


If the Exponent be Negative; as ſuppoſe K 
Or its Fluxion will be — n x x — M 3M Of 
* | 


M a 7 


— MX". 


if you would doit by way of Fraction 27 


(for the Square of ** is as well K* * as x *) or, 
according to Mr. Newton's way, which is yet ſhor- 


ci pia. 


2 i 
mot Ove ITC * Ce. ? Ee ty % 8 3 £ 
3 SINE = 2 * N REF oy ' . 1 4 
SOLES 2 g nes Ye « * . : 2% 73 4 Senn Foes I oy „ 
. 59 by LES, 5 5 8 4 3 n n e 3 * 
* r C ee Ws , A 7 * 4 YO Md — Pie 5 = A 25 *, 
; 8 8 - 7 TCC ͤ ͤ ͤ C ˙7/c 
* WARE 4 1 Ba * Fete 7 3 n MT: — 8 3 — 8 - 
; 1 


4 


himſel 
Book 
— 7} X 5 - = B , 
II 
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If the Power be imperfect, 5. e. if its Exponent 
be a Fraction, as ſuppoſe * : x": Or in the o- 
ther Notation x. Let us ſuppoſe x" . Then 
if you raiſe up each Member to the Power of æ, 


it will ſtand thus x” . The Fluxion of which 

will be, by this general Rule, m X“ * = 

1 Wherefore z will be = SS 
| | MN * W 


And 


(by dividing both Parts by 11): 


moxz”-" m —— « m/ 3 
” ED 3* * 8 * 


— 


1 n 


— | 


by putting inſtead of 1 ; its Value nx", 
So that to find the Fluxion of any kind of Power 
you muſt proceed thus, 


Multiply the Power given by its Index or Expo- 
nent, and then that ProduR by the Fluxion of the 
Root of the Power given, and after this ſubduct one 
or Unity from the Index of the Power, 


As for the Fluxions of Surd Quantities, Mr, 
Hayes gives you many Examples in this Trea- 
tiſe of Fluxions, lately publiſhed, which will 
make the thing plain to any one that will render 
himſelf ready at the Practice of this Art. See his 
Book, Prop. VII. pag. 14. 5 


5 7 
8 


92 Next 


* ra > 4 - 
<a> —- oo erer 
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Next for the Rule Inverſly, to find the Flow: iy 


ing Quantity belonging to the Fluxion of any 


Power, whether Perfect or Imperfect ; proceed ; 


thus, 


— 


of the Equation. 

II. Augment the Index of the Fluxion by r, 
or Unity. | 

III. Divide the Fluxion by the Index of its 
Power ſo increaſed by Unity. 


Examples. 


If x x x were propoſed: by taking away x, 


it will be 3 xx; and by encreaſing its Index by © 


Unity, it will be 3 xx x, Then dividing it by 3, 


its now (augmented) Index, the Quotient will be 


& x x, the flowing Quantity required. 
Again: 


a Fluxion propoſed : 


I, Take the Fluxionary Letter or Letters out 


By taking away the Fluxionary x, it will be | 


N N 


pre : By augmenting the Index by Unity, 
(i. e.) taking away — 1, it will be 5 x =: Ang 
laſtly, by dividing the remaining Part of the Flu- 
xion by = prefixed to, or multiplied into æ, the 


n 


Quantity ſought, 
5 You 


Quotient will be : Which is the Flowing | 


| cauſe y 3 | 7 
And conſequently, by Extraction of the Square 


a 


i 
PIR 
_ 
EY; 

4 
Fey 
8 
ui 
= 
VA 
I. 
+ 2 
5 
— * 
25 
* 
7 1 
. 
3-24 
KY 
_ 
0 
392 


— — 
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You will find Examples enough of this Inverſe 
Method, viz. The Calculus Integralis, or Summatory 
Arithmetick, in Mr. Hayes's Book of Fluxions, 
Sect. 4. | 

The deſigned Brevity of this Tract will permit 
me to give you only two Ves of this Doctrine of 
Fluxions, which, I hope, may ſerve to give the 
Inquiſitive Reader a whet for a further purſuit of 
this matter; and he will find ſufficient Satisfacti- 


on, by peruſing the Authors above-mentioned, viz. 


Newton, Wallis, Niewentiit, Carre, Leibnitz, (in 
the Act. Eruditor. Lipfie) and eſpecially the Mar- 


quiſs L' Hoſpital, his excellent Analyſe des Inſini- 


ment Petits: Conſult alſo the Ingenious Mr. Abra- 
ham de Mozvre, Specimina Doctrinæ Fluxionum in 
Phileſoph. Tranſact N. 2 1 6. where you have much 
in a little on this Subject; and the Marrow of 
moſt of theſe Authors you have in Mr. Hayes's 
Treatiſe of Fluxions. 


I. To find the Area of a Parabola' | 


Let the Parameter bep = 1, let x= to the 
Abſciſſa, and y = to the Ordinate. 1 
Then by the Property of the Curve x= y » (be- 


Roots of each, and uſing the new Notation: 


3 


Then multiplying * by *, the Fluxion of the 


Abſeiſſa, it will ſtand thus x x to the Fluxion 
of the Area. | 


Laſtly, Find the flowing Quantity anſwerin Y | 


to that Fluxion, and that ſhall give the Areg in 
known Terms. To 
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2 


\0 


U P 
* 


To do which, 1. Take away x and it will 


be x*. 
2. Encreaſing the Power of x* by Unity, it 6 
will ſtand æ & 1 
3. Divide x K* "iy 12, or 33 thus, | / 
* — : And the Quotient will ge 1. 
2 i is 
1 | 


* „ 


——— — 
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Laſtly, Inſtead of x* ſubſtitute its Value or 
Equal y: And it will be 4 x y = to the Area / 
m V p, and that doubled, gives the whole Area 
of the Parabola m V O. DT 


II. To find the Point T, where T M being 
drawn, ſhall be the true Tangent to the Parabola. 
The Property of the Curve is px .. N 


T 


will 


it 


nus, 


lbe | =. Find the Fluxion of that Equiation; which 
isp x 20. Wherefore; 


2. 8 22. 


ly, 5 


3- But 


V Fluxiont. 


— 


a dor by Salt Trianges , 5 3:9, e 
0 g : i ; : "oh 5 | . 7 
P T the Sub- tangent. Eu 0 


J., Therefore ſubſtituting 2 (which is ; 


by Step. 2.) inſtead of x, it will be 2977 = p . 
5. And then by Expunging the dee 55 | 
being above and below, it will be 2 P. | 

6. Inſtead of yy, put its Value J x, (lee the 
Property of the Curve) i it will ſtand = * =PT. 
Thar i is by Expunging p. 


7. 2 x PI. Q. E. I. 


Wherefore in the Parabola, the Point T is al- 
ways diſtant from P, the Foot of the Ordinate, 
by twice the Length of the — 


